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SOME  OBSERVATIONS  UPON  THE  AGGLUTINATION 
OF   BACTERIA  * 

William  Hallock  Park. 

My  purpose  in  this  address  is  to  give  briefly  some  observations 
upon  the  value  of  the  agglutination  test  in  establishing  the  identity 
or  relationship  of  bacteria  and  in  detecting  the  variety  of  bacteria 
exciting  disease  in  cases  of  bacterial  infection. 

During  the  past  three  years,  in  connection  with  Dr.  Katharine 
R.  Collins,  I  have  been  more  or  less  occupied  in  the  study  of  these 
questions,  and  in  this  time  I  have  learned  much  concerning  the 
difficulties  of  properly  interpreting  the  results,  and  of  the  limita- 
tions to  the  value  of  the  agglutination  reaction.  It  is  my  hope 
that  a  review  of  some  of  these  experiences  may  be  of  interest.  Before 
taking  up  the  discussion  of  the  two  topics  I  wish  to  touch  on  some 
of  the  points  to  be  thought  of  in  the  technique  of  carrying  on  the  tests. 

SOME   IMPORTANT  POINTS   TO   CONSIDER  IN   MAKING  AN 
AGGLUTINATION  TEST. 

1.  The  quantitative  nature  of  the  union  between  bacteria  and 
agglutiniuc  This  necessitates  that  with  increase  in  the  number  of 
bacteria  in  the  serum  dilution  there  is  more  material  to  combine 
with  the  agglutinin.  A  thick  emulsion  of  bacteria  is  therefore 
not  agglutinated  in  as  high  dilutions  as  a  thin  emulsion. 

2.  The  varying  sensitiveness  of  the  same  variety  of  bacteria  from 
day  to  day,  even  when  grown  from  the  same  stock  culture.     At 
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times  no  explanation  can  be  given  for  this  variation,  but  of  its  occur- 
rence there  can  be  no  doubt. 

3.  The  increased  rapidity  of  union  of  bacterial  substance  with 
agglutinin  as  the  temperature  rises  from  0°  to  37°  C.  This  neces- 
sitates that  not  only  the  time  at  which  readings  are  made  should 
be  stated,  but  also  whether  the  reaction  took  place  at  the  temperature 
of  the  ice  box,  the  room,  or  the  incubator. 

4.  The  greater  height  of  the  reaction,  when  long  rather  than 
very  short  periods  of  time  are  allowed  for  its  development,  provided 
the  test  is  so  carried  out  that  the  bacteria  do  not  multiply  in  the 
agglutinating  fluid. 

5.  The  absence  of  reaction  at  times  in  low  dilutions,  with  presence 
of  reaction  in  higher  dilutions.  This  phenomenon  appears  to  be 
due  to  substances  in  the  serum  other  than  agglutinins.  It  rarely 
occurs  in  dilutions  of  serum  above  i :  50. 

6.  The  growth  of  some  varieties  of  bacteria  in  the  serum-dilu- 
tions when  the  temperature  allows  of  it,  thus  altering  the  propor- 
tion between  bacterial  substance  and  agglutinin.  A  good  reaction 
may  thus  disappear  in  the  course  of  a  few  hours. 

7.  The  individual  judgment  in  the  estimation  of  what  constitutes 
a  certain  degree  of  reaction.  No  two  observers  read  the  completeness 
of  a  reaction  exactly  alike. 

8.  The  alteration  in  the  test  serum  when  it  is  used  over  con- 
siderable periods  of  time.  A  gradual  deterioration  takes  place  in 
the  agglutinin  in  the  serum.  This  is  more  rapid  in  diluted  serum 
and  with  increase  of  temperature. 

9.  The  medium  in  which  the  bacterial  suspension  is  made, 
whether  broth  or  salt  solution,  whether  it  contains  sugars  or  not, 
etc.,  is  of  importance.  Growth  in  glucose  media,  for  instance,  makes 
bacteria  more  sensitive  and  tends  to  natural  agglutination.  Broth 
as  a  medium  for  diluting  serum  gives  usually  a  quicker  agglutination 
than  does  salt  solution. 

10.  The  effect  of  heat  and  of  some  preservatives,  when  they 
are  used,  in  altering  the  serum  both  quantitatively  and  qualitatively. 

11.  The  considerable  difference  in  the  readings  made  macro- 
scopically  and  microscopically.  A  most  striking  example  of  the 
difference  in  reading  is  seen  in  the  method  used  by  Dunham'  and 
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that  by  us.  With  meningococci  examined  microscopically  after  three 
hours  in  the  incubator  we  obtained  readings  of  a  reaction  of  i :  200, 
while  Dunham,  using  light  suspensions  in  the  ice  chest  for  36  hours, 
obtained  a  reading  of  i :  2,000.  Both  methods  were  probably  equally 
correct,  and  the  readings  by  one  method  could  be  compared  with 
each  other  but  not  with  those  of  the  other  method. 

12.  The  observation,  during  the  time  of  experiment,  of  the  control 
specimen,  and  of  any  tendency  to  natural  agglutination. 

13.  In  absorption  tests,  when  filtration  methods  are  employed, 
the  obstruction  to  the  passage  of  agglutinins  of  the  filter  and  of  the 
bacteria  coating  the  filter  must  be  fully  allowed  for,  as  the  coating 
formed  by  the  various  varieties  of  bacteria  differs  greatly  in  per- 
meability. 

agglutination  characteristics  as  a  guide  to  the  classifica- 
tion AND  identification  OF   BACTERIA. 

It  has  been  unmistakably  demonstrated  that  an  agglutinating 
serum  is  composed  of  a  number  of  agglutinins  which  owe  their  origin 
in  the  animal  to  the  stimulus  of  the  different  proteid  substances 
contained  in  a  single  cell  or  in  several  varieties  of  cells. 

We  have  many  facts  which  serve  to  point  out  the  value  of  partially 
similar  agglutination  among  bacteria  in  suggesting  relationship  such 
as  between  certain  members  of  the  typhoid-colon  group  of  bacilli. 
It  is  true,  however,  that  others  which  appear  just  as  nearly  re- 
lated do  not  react  to  common  agglutinins,  and  some  that  appear 
utterly  unlike  do  react. 

Thus  Durham  injected  two  animals  with  a  different  paratyphoid 
organism.  These  were  obtained  from  two  cases  simulating  typhoid 
fever  and  had  the  same  biochemical  activities.  He  found  sera 
obtained  from  the  two  rabbits  to  have  almost  no  similarity  in 
agglutination.  A  serum  clumping  one  i :  20,000  did  not  affect  the 
other  in  dilutions  of  i :  100.  The  marked  dissimilarity  in  the  ag- 
glutinating characteristics  of  the  bacilli  contained  in  the  colon  group 
is  another  example.  Among  14  strains  of  culturally  characteristic 
colon  bacilli  isolated  by  us  from  10  persons  there  were  five  distinct 
varieties,  if  classification  were  to  be  made  by  the  agglutinating 
characteristics.  In  our  recent  investigations  of  pneumococci  we  have 
obtained  a  number  of  cultures  from  the  exudate   of  characteristic 
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cases  of  lobar  pneumonia,  which  have  been  ahke  in  morphol- 
ogy, in  action  on  inuhn,  on  sugars,  and  in  cultural  charac- 
teristics, and  yet  they  have  differed  absolutely  in  their  affinity 
for  agglutinins.  This  difference  remains  unaltered  in  the  cultures 
as  they  are  continued  on  culture  media,  and  undoubtedly  indi- 
cates a  different  chemical  composition;  but  this  is  too  intangible 
to  be  a  sufficient  reason  for  separating  bacteria  which  appear 
to  be  alike  in  more  essential  points.  At  times,  however,  it  may 
be  very  instructive.  Thus  in  Dr.  Goodwin's  paper  on  p.  21  it 
is  noted  that  from  the  nasal  secretion  of  two  healthy  stu- 
dents a  diplococcus  was  isolated,  which,  except  in  its  agglu- 
tination, appears  to  be  identical  with  typical  meningococci  derived 
from  spinal  fluid.  This  difference  in  the  diplococcus  excludes  it  from 
the  type  obtained  from  the  epidemic  cases,  and  even  places  it  under 
suspicion  as  to  whether  it  is  a  meningococcus  at  all.  The  complete 
identity  in  agglutination  characteristics  between  organisms  obtained 
from  the  nasal  cavity  of  the  sick  and  from  the  spinal  fluid  is 
strong  proof  of  the  former  being  not  only  meningococci  but  the  same 
identical   variety    as    that    in    the    cord. 

A  species  of  pathogenic  bacteria  which  develops  only  in  disease 
is  apt  to  give  rise  to  later  generations,  all  of  which  will  be  alike 
in  their  agglutinating  characteristics,  while  one  which  has  for 
the  most  part  a  saprophytic  life  is  apt  to  give  rise  to  distinct 
varieties.  Under  semisaprophytic  existence  the  new  generations 
are  subjected  to  variable  conditions,  and  thus  become  modified,  so 
that,  as  in  the  case  of  the  pneumococci,  the  streptococci,  and  the 
colon  group  of  bacilli,  we  may  have  a  continuance  of  the  more 
striking  cultural  characteristics  with  such  variation  in  the  ag- 
glutinating affinities  as  apparently  to  call  for  separation  into 
numerous  varieties.  This  separation  is  useless,  so  far  as  we  can 
now  see,  for  any  practical  purpose,  and  impossible  to  define,  as 
there  would  be  no  way  for  future  investigators  to  compare  their 
results  unless  the  original  culture  or  the  specific  serum  was  at 
hand. 

The  stimulation  in  an  animal  of  agglutinins  for  any  micro- 
organism is  produced,  according  to  our  present  views,  by  similar 
protoplasm  in  the  infecting  organisms.     Some  recent  observations, 
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if  correct,  indicate  that  cells  apparently  widely  separated  have  more 
or  less  common  substances.  Ballner  states  that  a  rabbit  immunized 
with  a  pink  yeast  developed  agglutinins  for  both  typhoid  and  dysen- 
tery bacilli,  so  that  they  were  agglutinated  in  dilutions  of  i:i,oco. 
A  rabbit,  immunized  by  us  with  yeasts,  developed  a  serum  which 
agglutinated  paradysentery  bacilli  but  neither  typhoid  bacilli  or 
true  dysentery  bacilli.  A  less  striking  experience  of  our  own  was 
that  of  the  serum  of  a  horse,  which  after  immunization  with  a 
paradysentery  bacillus  agglutinated  both  that  bacillus  and  a  typi- 
cal colon  in  dilutions  of  i :  10,000.  During  injections  specific 
agglutinins  are  first  chiefly  developed,  but  later  the  total  amount 
of  group  agglutinins  increases  so  as,  at  times,  to  equal  the  specific 
ones.  The  proportional  amounts  of  group  agglutinins  for  allied 
bacteria  differed  greatly  at  different  times  during  the  immuniza- 
tion of  an  animal  and  at  the  same  time  in  different  animals. 
Many  conflicting  statements  are  due  to  the  lack  of  appreciation 
of  this  variability. 

As  the  quantitative  agglutination  test  usually  fails  to  distinguish 
whether  the  reaction  is  due  to  specific  or  group  agglutinins,  use  has 
been  made  of  an  absorption  method  to  determine  the  action  of  the 
specific  agglutinin  which  is  present  among  the  multiple  agglutinins  in 
the  serum  of  every  immunized  animal.  It  has  been  fairly  established 
that  any  bacterial  strain  which  can  absorb  from  a  serum  all  the  agglu- 
tinins which  acted  upon  a  certain  microorganism,  and  which  were 
stimulated  by  that  microorganism,  must  be  identical  with,  or  extremely 
closely  allied  to,  it.  The  virulence  of  the  two  microorganisms  may, 
however,  vary  widely. 

The  technique  of  making  the  absorption  test  is  rather  difficult. 
When  the  agglutinating  strength  of  the  serum  is  high,  large  amounts 
of  bacteria  must  be  added  again  and  again,  or  the  serum  must  be 
highly  diluted.  In  the  latter  case  it  is  impossible  to  demonstrate 
that  the  absorption  is  complete.  Usually  the  serum  is  diluted  with 
four  times  its  quantity  of  salt  solution,  and  then  mixed  with  about 
its  weight  of  culture.  After  standing  a  few  hours  the  mixture  is 
centrifuged.  If  the  supernatant  fluid  still  contains  agglutinins,  more 
culture  is  added  and  the  mixture  treated  as  before.  If  the  agglutinat- 
ing strength  of  the  serum  has  not  been  lowered  below  that  of  the 
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first  absorption  by  the  second  addition  of  culture,  it  is  certain  that 
no  further  absorption  by  that  cuhure  is  possible.  If  a  culture  is 
used  which  is  identical  with  that  used  in  immunization,  all  agglu- 
tinins will  be  absorbed  if  sufhcient  bacteria  are  added. 

When  the  agglutinating  strength  is  high  the  organisms  may  be 
removed  by  passage  of  the  fluid  through  a  Berkefeld  filter.  Here 
it  must  be  remembered  that  the  filter  holds  back  most  of  the  agglutinin 
until  a  number  of  c.c.  have  passed,  and  under  certain  conditions, 
as  shown  by  Dunham,  the  close  packing  of  the  bacteria  against  the 
filter  may  continue  to  hold  back  agglutinin. 

As  a  general  rule  it  can  be  said  that  the  agglutinins  produced  in 
an  animal  through  the  injection  of  any  one  variety  of  bacteria  can 
be  exhausted  from  the  serum  only  by  saturating  it  with  sufficient 
quantities  of  that  variety.  In  our  experience  not  only  the  specific, 
but  usually  the  common,  agglutinins  stimulated  by  it  will  thus  be 
absorbed.  All  other  varieties  cf  bacteria  will  simply  absorb  any 
of  the  common  agglutinins  for  which  they  have  an  affinity.  If  a 
serum  is  freed  of  all  common  agglutinins,  it  will  clump  only  the 
variety  of  bacteria  which  was  injected  in  the  animal.  It  is  practically 
impossible  to  remove  absolutely  all  group  agglutinins,  since  we  only 
know  that  those  having  an  affinity  for  the  bacteria  added  have  been 
removed. 

The  observations  of  Posselt  and  v.  Sagasser,'  that  by  the  injections 
of  a  pure  culture  of  one  variety,  agglutinins  may  be  stimulated  in 
large  amount  for  other  bacteria,  which,  however,  cannot  be  absorbed 
by  the  variety  used  in  immunization,  have  not  been  duplicated  by 
us.  The  agglutinins  not  absorbed  have  been  those  present  in  the 
animal  before  immunization  was  begun,  or  those  stimulated  by  the 
absorption  of  other  substances.  These  agglutinins  are  abundant 
in  horses  and  goats,  especially  for  the  typhoid-colon  group.  An 
agglutination  of  dysentery,  paradysentery,  and  colon  bacilli  in  dilu- 
tions of  I :  I, GOO  has  been  met  with  by  us.  Ccnsidering  cur  experi- 
ence, we  believe  that  the  absorption  test  gives  mcst  valuable  evidence, 
and  much  more  than  docs  the  quantitative  test,  as  to  the  identity 
or  lack  of  identity  between  the  bacterium  used  in  immunizalitn  and 
the  others  tested  against  its  specific  serum. 

^Wien.  klin.  Wchnschr.,  1903,  16,  p.  6qi. 
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A  difficulty  frequently  met  with  among  recently  isolated  cultures 
is  their  lack  of  sensitiveness  to  agglutinins.  This  is  probably  due 
to  their  growth  in  blood  or  in  fluid  which  has  been  derived  from  the 
blood.  It  is  known  that  the  growing  of  bacteria  in  a  specific  serum, 
and  to  some  extent  in  any  serum,  lessens  their  agglutinability. 
Thus  we  cultivated  the  maltose-fermenting  paradysenter}'  bacillus 
(Flexner,  Manila),  on  each  of  11  consecutive  days,  in  fresh  broth 
solutions  of  the  serum  from  a  horse  immunized  through  oft-repeated 
injections  of  the  bacillus.  The  solutions  used  were  i^,  4,  and  15  per 
cent.  The  serum  agglutinated  the  culture  before  its  treatment  in  dilu- 
tions up  to  1 :  800.  After  the  1 1  transfers,  the  culture  grown  in  the 
15  per  cent  solution  ceased  to  be  agglutinated  by  the  serum,  and  ceased 
to  absorb  its  specific  agglutinins.  The  cultures  grown  in  the  i^  and 
4  per  cent  solutions  agglutinated  well  in  dilutions  up  to  60  and  100, 
and  continued  to  absorb  agglutinins.  The  recover)-  of  the  capacity 
to  be  agglutinated  was  very  slow  when  the  culture  was  from  time  to 
time  transplanted  on  nutrient  agar. 

It  seems  that,  growing  in  serum  dilutions,  the  bacteria  which 
developed  the  least  agglutinable  substance  were  least  hindered  in 
their  growth,  and  so  developed  most  rapidly.  Those  producing 
the  least  agglutinable  substance  were  thus  finally  the  only  ones 
surviving. 

It  is  sometimes  difficult  to  tell  whether  a  culture  is  non-agglutinable 
or  simply  does  not  agglutinate  in  the  serum  used.  An  absolute  test 
is  to  immunize  an  animal  with  it  and  see  if  it  agglutinates  in  the  serum. 

THE    DEGREE    TO    WHICH     IT     IS     POSSIBLE     TO     DETECT     THE     MICRO- 
ORGANISM  EXCITING    A    DISEASE    BY   THE    SERUM  REACTION 
OF    THE    BLOOD    OF   THE    INFECTED    PERSON. 

The  success  of  the  Gruber-Widal  test  in  suspected  typhoid  fever, 
cholera,  and  a  few  other  diseases  has  given  most  persons  an  exag- 
gerated opinion  of  the  diagnostic  value  of  a  serum  reaction.  Even 
in  these  diseases  the  information  given  by  the  serum  test  is  not  so 
specific  as  is  thought  by  many.  The  serum  from  typhoid  patients 
occasionally  agglutinates  one  of  the  varieties  of  the  paratyphoid 
bacilH  in  higher  dilutions  than  the  typhoid  bacilli.  In  30  cases 
tested  by  us  this  happened  in  two  instances.     Griinberg  and  Roily' 

1  Miincb.  med.  Wchnschr.,   1905,  52,  p.  105. 


8  William  Hallock  Park 

report  the  remarkable  finding,  in  40  cases  of  typhoid  fever  in  which 
the  typhoid  baciUi  were  obtained,  that  in  35  per  cent  of  the  cases, 
the   serum   agglutinated  a  paratyphoid  bacillus  in  higher  dilutions 
than  the    typhoid    bacillus.     In  these  cases  it  is   probably  group- 
agglutinins,  excited  by  the  products  of  certain  colon  bacilli  second- 
arily infecting  the  Peyer's  patches,  which  agglutinated   the   para- 
typhoids, rather  than  the  group  agglutinins  due  to  the  typhoid  bacilH. 
As  the  clinician,  when  considering  a  case  of  continued  fever,  is 
as  a  rule  trying  to  settle  whether  it  is  one  of  tuberculosis,  malaria, 
or  typhoid  fever,  he  is  satisfied  to  know  whether  the  infection  is  or 
is  not  due  to  one  of  the  typhoid-colon  group,  and  does  not  mind 
the  impossibility  of  an  absolute  identification  of  the  variety.     In 
the  case  of  dysentery,  a  quantitative  agglutination  test  is  frequently 
useless  as   an  indication  whether  the   dysentery  or  paradysentery 
bacilli  are  exciting  the  disease.     In  cases  due  to  the  Shiga  bacillus, 
the  serum  occasionally  agglutinates  one  of  the  mannite-fermenting 
dysentery  types  in  higher  dilutions  than  itself.      This  again  is  prob- 
ably due  to  group  agglutinins  produced  by  the  absorption  of  sub- 
stances  contained    in    certain    varieties   of    colon   bacilli.      A  goat 
injected  by  us  with  a  colon  bacillus  produced  a   serum  which  ag- 
glutinated it  in  a  1:5,000  dilution,  and  agglutinated  the  paradysen- 
tery bacilH    in    a    dilution    as    high  as   1:2,500.     Agglutination  of 
the   Shiga  bacilli  by  a  serum  which  does  not  agglutinate  the  para- 
dysentery bacilli  usually  indicates  infection  with  the  former  variety, 
but  an  agglutination  of  the  paradysentery  bacilli  alone  may  indi- 
cate a  colon    infection.     Different  members  of  groups  of  bacteria, 
like  the  colon  group  or  the  pneumococci,  though  having  common 
pathogenic  properties,  frequently    differ   almost  absolutely  in  their 
reaction  to  agglutinins.     Thus,  a  sheep  injected  by  us  with  a  typi- 
cal pncumococcus  agglutinated  that  organism   in   a  1:100  dilution 
but  did  not  agglutinate    20    other  pneumococci  in  dilutions  higher 
than  1:2.     An  equal  variation  was  found  by  us  to  exist  among  the 
members  of  the  colon  group  of  bacilH.     In  infections  which  may  be 
due  to  any  one  of  a  number  of  varieties  differing  in  their    agglu- 
tination characteristics,  it  is  almost  impossible  to  use  sufficient  cul- 
tures to  diagnose  by  the   serum  reaction  whether  one  of  the  group 
was  the  exciting  factor. 
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The  greatest  limitation  to  the  use  of  the  serum  reaction  is  the 
fact  that  the  majority  of  bacteria  do  not,  in  the  course  of  an  infection, 
excite  a  sufficient  amount  of  agglutinin  to  be  readily  detected,  as 
for  instance  in  the  case  of  tubercle,  influenza,  and  diphtheria  bacilh. 

Bacteria  widely  separated  may,  in  exciting  great  quantities  of 
agglutinin  for  themselves,  develop  so  much  group  agglutinin  for 
each  other  as  to  be  misleading.  An  animal  injected  with  staphy- 
lococcus agglutinated  the  typhoid  bacillus  in  1:160,  while  before, 
only  1 :  10.  Another,  injected  with  B.  proteus,  agglutinated  a  culture 
of  this  in  1:160,000,  and  also  the  typhoid  bacillus  in  1:1,200.  In 
such  a  case,  if  the  typhoid  bacillus  was  suspected  as  the  cause  of 
the  infection  as  above  tested,  the  serum  reaction  would  be  apt  to 
deceive. 

In  actual  natural  infections  such  very  high  reactions  are  improb- 
able, but  those  sufficiently  high  to  give  misleading  group  reactions 
frequently  occur.  In  adults  the  blood  is  apt  to  contain  a  considerable 
amount  of  group  agglutinins  for  many  bacteria  before  the  special 
infection  which  is  to  be  investigated  developed.  It  is  only  through 
long  experience  that  we  are  able  to  determine  in  how  high  dilutions 
such  agglutinins  are  apt  to  act,  and  therefore  in  what  dilutions  a 
specific  reaction  can  be  suspected  or  considered  proven.  In  suspected 
typhoid  infection,  for  instance,  we  are  now  able  to  state  that  a 
reaction  in  a  i :  50  dilution  in  two  hours  at  room  temperature  is 
proof  of  an  infection  with  a  member  of  the  typhoid-colon  group, 
and  as  the  great  majority  of  such  infections  are  due  to  the  typhoid 
bacillus,  we  can  consider  this  as  the  probable  microorganism. 
Agglutination  of  the  typhoid  bacillus  in  higher  dilutions  makes 
this   probability  almost,   but   not   quite,   a  certainty. 


COMPARATIVE    STUDIES    OF    DIPLOCOCCI    DECOLOR- 
IZED   BY    GRAM'S    METHOD,    OBTAINED    FROM 
THE  SPINAL  FLUID  AND  FROM  THE  NARES 
OF    CASES    OF    EPIDEMIC    CEREBRO- 
SPINAL  MENINGITIS. 

Edward  K.  Dunham. 

The  studies  which  are  here  epitomized  were  undertaken  as  a  part 
of  the  work  of  the  Commission  for  the  Study  of  Cerebrospinal  Men- 
ingitis appointed  by  the  Department  of  Heahh  of  the  City  of  New 
York  in  March,  1905.  The  Commission  deemed  it  important  to 
ascertain  whether  microorganisms  identical  with  those  occurring  in 
the  cerebrospinal  cavity  were  to  be  found  in  the  upper  air  passages 
of  those  suffering  from  epidemic  meningitis;  and  a  part  of  the  cul- 
tural work  for  the  Commission  was  the  isolation,  from  the  nares  of 
such  cases,  of  diplococci  not  readily  distinguishable  from  the  diplo- 
coccus  of  meningitis  by  morphological  characters. 

Pure  cultures  of  the  Diplococcus  intracellularis  (Weichselbaum) 
were  secured  from  the  spinal  fluid  obtained  by  lumbar  puncture  from 
50  cases  of  epidemic  cerebrospinal  meningitis  and  served  for  com- 
parison with  the  cultures  from  the  nares. 

CULTURES. 

The  organisms  from  the  nose  or  throat  were  obtained  from  streak- 
plate  cultures  made  from  the  secretions  collected  with  sterile  cotton 
swabs.  The  medium  employed  for  these  plate  cultures  was  2  per 
cent  glucose  agar,  enriched  with  ascitic  fluid  or  sheep  serum  mixed 
with  the  melted  agar  at  the  time  the  plates  were  poured,  or  by  dis- 
tributing a  little  human  or  rabbit  blood  upon  the  surface  of  the  agar 
after  it  had  solidified.  Cultures  from  the  spinal  fluid  were  obtained 
upon  similar  agar  plates.  Subcultures  were  made  upon  slants  of  2 
per  cent  glucose  agar  with  or  without  other  addition,  or  with  a  little 
blood  or  sheep  serum  upon  the  surface.  The  cultures  on  2  per  cent 
glucose  agar  without  enrichment  have  usually  exhibited  excellent 
growth,  provided  the  medium  was  protected  from  drying.     Even  the 
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slight  dr}'ing  due  to  loose  cotton  plugs  has  greatly  impaired  the  growth; 
but  when  the  plugs  were  tight,  so  that  the  surface  of  the  medium  was 
kept  in  a  moist  atmosphere,  abundant  growth  could  almost  always  be 
secured,  and  the  cultures  remained  alive  for  a  comparatively  long 
time.  To  this  end  the  air  in  the  thermostat  was  also  kept  moist  by 
placing  a  dish  of  water  on  the  lowest  shelf. 

■The  cultures  from  spinal  fluids  upon  2  per  cent  glucose  agar  are 
gray  and  moist,  usually  only  slightly  raised  above  the  surface  of  the 
medium,  and  appear  to  be  strictly  confined  to  those  portions  of  the 
medium  that  were  directly  inoculated,  there  being  no  tendency  to 
spread  upon  its  surface.  The  condensation  water  becomes  cloudy, 
with  the  formation  of  an  abundant  sediment,  and,  frequently,  a  slight 
pellicle  is  perceptible  upon  the  surface  of  the  condensation  water. 
In  cultures  that  are  three  or  four  days  old  the  gro^^■th  has  a  shght 
mucinous  consistency,  but  is  easily  removed  from  the  surface  cf  the 
agar  with  a  platinum  loop.  When  scraped  from  the  agar,  the  mass 
of  bacteria  has  a  pinkish  buff  color,  and  is  readily  broken  up  and 
disseminated  in  water  or  saline  solution.  A  considerable  variation 
in  the  luxuriance  of  growth  was  noted  in  many  of  the  subcultures  from 
different  spinal  fluids.  In  some  cases  a  much  more  abundant  inocu- 
lation of  fresh  media  was  necessary  for  success  than  in  others,  and 
the  resulting  growth  was  in  the  form  of  discrete  colonies  rather  than 
a  uniform  layer.  In  other  cases  the  growth  was  so  abundant  and 
formed  such  a  thick  layer  upon  the  media  as  to  excite  the  suspicion 
that  the  cultures  were  contaminated.  These  variations  in  growth 
depend  not  merely  upon  the  particular  strains  under  observation, 
but  also  upon  the  media  employed.  Slight  indeterminate  variations 
in  the  latter  afifected  the  luxuriance  of  gro\\1:h  very  markedly.  In 
two  or  three  instances  a  particular  lot  of  glucose  agar  was  found  to 
be  unfit  for  use,  even  an  abundant  inoculation  yielding  no  growth, 
although  the  preparation  of  the  media  could  not  have  differed  greatly 
from  that  employed  when  the  result  was  mcst  favorable. 

An  explanation  of  these  experiences  cannot  be  given;  the  method 
of  preparing  the  medium  had  become  an  established  routine  from 
which  there  were  not  conscious  departures. 

Owing  to  the  variations  noted  in  the  cultures  on  2  per  cent  glucose 
agar,  it  is  impossible  to  formulate  a  typical  description  of  the  growth 
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of  the  D.  intracellularis  on  this  medium  that  would  serve  for  its 
certain  identification. 

Notwithstanding  this  fact,  the  cuhures  of  diplccocci  decolorized 
by  Gram's  method  of  staining  and  obtained  from  the  upper  air  pas- 
sages could,  in  many  instances,  be  readily  distinguished  from  D. 
intracellularis  when  grown  on  2  per  cent  glucose  agar.  These 
easily  recognized  as  differing  from  this  diplococcus  were  divisible 
into  three  groups: 

1.  Those  yielding  very  luxuriant,  heavy,  mucinous  growths  cf  a 
gray  color  and  forming  a  much  thicker  layer  upon  the  agar  than 
those  of  D.  intracellularis.  These  cultures  readily  disseminated  in 
saline  solution  and  yielded  a  good  suspension  upon  filtration  through 
paper.  They  failed,  however,  to  agglutinate  in  very  low  dilutions 
(1:20  or  1:50)  of  serum  from  a  horse  immunized  with  D.  intra- 
cellularis from  spinal  fluids,  while  the  latter  was  agglutinated  in 
dilutions  of  i :  500  to  i :  1000. 

2.  Those  giving  rise  to  very  coherent  growths  that  adhered 
strongly  to  the  surface  of  the  agar,  so  that  it  was  extremely  difficult 
to  remove  any  considerable  quantity  of  the  growth  with  a  platinum 
loop.  This  growth  did  not  disseminate  easily  in  saline  solutions  and 
was  almost  entirely  removed  by  filtration  through  filter  paper,  so 
that  satisfactory  suspensions  could  not  be  obtained  for  agglutination 
tests. 

3.  Cultures  which,  within  one  to  three  days,  produced  a  greenish- 
yellow  fluorescence  in  the  agar. 

After  eliminating  these  three  groups,  there  remained: 

4.  A  group  of  cultures  which  could  not  be  readily  distinguished 
by  the  gross  appearances  of  the  growth  on  2  per  cent  glucose  agar 
from  cultures  of  D.  intracellularis  on  the  same  medium.  This  group 
was  of  greater  interest  in  the  present  inquiry  than  the  other  three 
and  received  most  study.  It  could  be  divided  into  two  subgroups: 
those  more  closely  resembling  Micrococcus  catarrhalis,  and  those 
more  closely  resembling,  if  not  identical  with,  D.  intracellularis. 
These  two  subgroups  may  be  provisionally  designated  as  catarrhalis- 
like  and  intracellularis-like  groups.  The  former  were  certainly  not 
all  of  the  same  species,  and  it  is  doubtful  whether  any  of  them  were 
identical  with  M.  catarrhalis  of  Ghon  and  Pfeiffer.   The  intracellularis- 
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like  group  of  diplococci  appeared  to  be  quite  homogeneous,  and  there 
is  reason  to  beheve  that  they  were  identical  with  D.  intracellularis 
of  Weichselbaum.  Coverglass  preparations  of  the  catarrhalis-like 
diplococci  show  somewhat  less  variations  in  size,  form,  and  intensity 
of  stain  than  similar  preparations  of  D.  intracellularis  from  spinal 
fluids,  but  these  differences  do  not  appear  marked  enough  to  inspire 
confidence  in  them  as  a  means  of  distinguishing  with  certainty  these 
diplococci  from  D.  intracellularis.  There  was,  however,  a  difference 
in  the  suspensions  in  0.75  per  cent  solutions  of  salt.  The  organisms 
from  the  cultures  of  catarrhalis-like  cocci  showed  a  distinct  tendency 
to  settle  and  form  a  sediment  within  a  few  hours  (although  they 
readily  passed  through  filter  paper),  while  those  of  the  intracel- 
lularis-like  cocci  remained  in  suspension  for  a  very  much  longer 
time.  This  difference  was  constant.  Within  24  hours  a  suspension 
of  the  growth  from  an  agar  culture  of  the  former,  one  day  old 
and  containing  enough  organisms  to  render  it  distinctly  opalescent, 
would  yield  a  marked  sediment  when  kept  at  rest  over  night  in  one 
of  the  tubes  used  for  macroscopic  agglutinations.  Suspensions  of 
D.  intracellularis  of  hke  density  failed  to  exhibit  such  sedimentation. 
In  one  instance  such  a  suspension  was  kept  in  the  ice-box  for  three 
weeks  without  more  than  a  trifling  sedimentation.  These  differ- 
ences rendered  macroscopic  agglutinations  of  the  catarrhalis-hke 
group,  for  purposes  of  comparison,  extremely  difficult.  Further  dift'er- 
ences,  revealed  by  the  readiness  with  which  sera  containing  catarrhalis- 
like  or  intracellularis  cocci  could  be  filtered  through  Berkefeld  filters, 
will  be  referred  to  later. 

agglutinations. 

Comparison  of  the  various  cultures  of  the  fourth  group  and  D. 
intracellularis  was  attempted  with  the  use  of  macroscopic  agglutina- 
tion tests.  For  each  test  i  c.c.  of  the  serum  properly  diluted  was 
mixed  with  i  c.c.  of  a  suspension  of  the  organism  in  0.75  per  cent 
salt  solution.  In  nearly  all  of  these  studies  the  final  dilutions  of  the 
sera  in  each  scries  of  tests  were:  1:20,  1:50,  1:100,  1:200,  1:1000, 
and  1 : 2,000.  In  a  few  cases  higher  dilutions  were  made,  but  did  not 
add  to  the  value  of  the  results.  The  mixtures  of  serum,  saline  solu- 
tion, and  bacterial  suspensions  were  placed  in  the  incubator  (37°) 
for  three  hours  and  then  in  the  ice-box  (about  5°)  over  night.     At 
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the  end  of  three  or  even  six  hours  there  was  usually  no  well-marked 
evidence  of  agglutination,  but  after  24  hours  the  lowest  dilutions 
showed  distinct  clumping.  The  first  routine  observations  were  made 
after  from  15  to  24  hours,  and  a  second  observation  from  42  to  48 
hours  after  the  tests  were  placed  in  the  incubator.  In  the  majority 
of  instances  the  second  observation  revealed  agglutination  in  one  or 
two  of  the  dilutions  next  higher  than  those  giving  evidence  of  this 
reaction  at  the  first  observation.  The  time  which  was  allowed  to 
elapse  before  making  the  observations  is  much  longer  than  the  usual 
limit  adhered  to  in  making  macroscopical  tests  on  agglutination. 
But  it  is  beheved  that  no  errors  due  to  growth  of  the  organisms  could 
vitiate  the  results.  It  is  certain,  from  experiments  made  to  deter- 
mine this  fact,  that  much  more  rapid  reactions  might  have  been 
secured  if  broth  cultures  of  D.  intracellularis  had  been  used  instead 
of  suspensions  from  agar  cultures.  The  saline  suspensions  were 
preferred,  because  it  was  believed  that  more  uniform  results  could 
in  this  way  be  obtained  in  making  tests  at  different  times  with  an 
organism  so  capricious  in  vigor  of  growth  as  is  intracellularis 
Suspensions  of  apparently  identical  richness  could  be  prepared  with- 
out great  difficulty  at  any  time.  The  delay  in  reaction  appeared  to 
be  relatively  unimportant.  In  some  of  the  tests  ^  per  cent  of  carbolic 
acid  was  added  to  the  salt  solution  to  preclude  growth  of  the  organ- 
isms.    This  addition  did  not  in  any  way  modify  the  results. 

The  sera  employed  in  these  agglutination  tests  were  either  from 
patients  suffering  from  epidemic  cerebrospinal  meningitis  or  con- 
valescent from  this  disease,  or  from  animals  which  had  been  immu- 
nized with  either  single  or  repeated  injections  of  large  quantities  of 
D.  intracellularis  obtained  from  spinal  fluids.  The  animals  used 
were  rabbits,  a  goat,  a  horse,  and  several  geese.  The  animals 
usually  bore  the  injections  of  cultures  from  spinal  fluids  well.  The 
most  susceptible  were  the  rabbits.  But  these  soon  acquired  a  con- 
siderable tolerance  for  even  very  large  quantities,  manifesting  very 
slight,  if  any,  acute  symptoms,  though  they  gradually  became  greatly 
emaciated,  and  lost  much  hair  when  the  injections  were  continued 
for  a  long  time.  The  geese  were  very  tolerant  of  D.  intracellularis. 
In  one  case  about  5  c.c.  of  a  thick  puree  prepared  from  14  plate 
cultures  (each  about  10  inches  in  diameter)  incubated  for  24  hours, 
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was  injected  into  the  pectoral  muscles  of  a  goose  without  marked 
effect  either  locally  or  in  the  general  condition.  The  animal  refused 
food  for  a  few  hours,  but  on  the  next  day  ate  as  usual.  The 
cultures  of  catarrhalis-like  cocci  and  other  diplococci,  certainly  not 
meningococci,  from  the  nose  and  throat  w^re  often  much  more 
virulent  for  geese  and  rabbits  when  given  subcutaneously  or  intra- 
peritoneally,  the  first  injection  frequently  causing  death. 

The  goat  was  immunized  by  Dr.  Simon  Flexner,  who  kindly  fur- 
nished the  serum  for  these  tests.  Large  quantities  cf  D.  intracellu- 
laris  from  the  spinal  fluids  obtained  from  13  cases  of  epidemic 
meningitis  were  used  by  him  to  immunize  this  animal,  and  the 
injections  were  repeatedly  given  during  a  period  of  many  weeks. 

The  horse  serum  came  from  an  animal  immunized  with  large 
quantities  of  dead  cultures  at  the  Research  Laboratory  of  the  New 
York  Department  of  Health,  and  was  generously  contributed  by 
Dr.  Park.  Some  of  the  sera  were  preserved  with  chloroform,  trik- 
resol,  toluol,  or  ^  per  cent  phenol;  others  received  no  preservative, 
but  were  collected  and  kept  uncontaminated.  Comparative  tests 
failed  to  reveal  any  influence  exerted  by  these  additions  upon  the 
agglutinating  power  of  the  sera. 

None  of  these  sera  showed  a  high  specificity  in  their  agglutina- 
tions of  D.  intracellularis.  They  agglutinated  in  dilutions  from 
1 :  200  to  1 : 4,000,  or  two  to  ten  times  as  great  as  the  sera  from  normal 
animals  of  the  same  species.  But  it  is  difficult  to  utihze  even  this 
moderate  increase  in  agglutinating  power,  because  the  conditions 
under  which  the  tests  were  made  differed  unavoidably  at  different 
times,^and  even  sHght  variations  in  condition  influence  the  limits  of 
the  dilution  at  which  positive  results  are  obtained  in  a  very  great 
degree.  The  density  of  the  emulsion,  for  example,  was  found  to 
make  a  very  great  difference  in  the  development  of  distinct  agglutina- 
tion in  the  higher  dilutions.  This  fact  is  probably  related  to  the 
observation  that  a  complete  agglutination  of  all  the  organisms  in  an 
emulsion,  with  a  sedimentation  of  the  resulting  clumps,  rarely  takes 
place  when  the  macroscopic  method  and  saline  suspensions  are  used. 
Free  organisms  are  almost  always  present  in  sufficient  abundance  to 
render  the  fluid  perceptibly  opalescent,  even  when  the  agglutination 
of  the  remainder  of  the  organisms  gives  rise  to  relatively  large  and 
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heaw  clumps  that  settle  to  the  bottom  of  the  Hquid.  Complete 
agglutinations  are,  therefore,  comparatively  rare  when  this  method  is 
employed.  They  appear  to  be  much  more  common,  especially  in 
the  lower  dilutions,  when  broth  cultures  are  used  in  place  of  suspen- 
sions in  normal  saline  solution. 

The  fact,  already  mentioned,  that  the  suspensions  of  catarrhalis- 
hke  diplococci  tended  to  form  a  distinct  sediment  within  24  hours, 
rendered  a  comparison  of  the  agglutinating  power  of  the  sera  upon 
this  group  of  organisms  with  the  agglutination  of  intracellularis  cocci 
practically  impossible,  but  this  sedimentation  itself  furnished  a  means 
of  distinguishing  these  cultures  from  those  of  the  latter  organism. 
The  difference  between  an  agglutination  with  settling  of  the  clumps 
and  a  sedimentation  of  the  individual  organisms  is  readily  demon- 
strable upon  moderate  amplification.  For  this  purpose  a  microscope 
with  the  tube  in  a  horizontal  position  and  a  Leitz  No.  3  objective 
were  used  to  control  the  macroscopic  observations.  By  rotating  and 
then  suddenly  tilting  the  agglutination  tube  the  sediment  could  be 
thrown  up  from  the  bottom  along  the  side  of  the  tube  and  readily 
examined  with  the  microscope.  The  latter  was  placed  in  front  of  a 
window  and  the  mirror  removed.  A  very  small  diaphragm  was 
employed,  and  the  individual  bacteria  could  be  distinguished  without 
difficulty.  This  microscopical  control,  therefore,  served  also  to  elimi- 
nate contamination  with  organisms  morphologically  differing  in 
marked  degree  from  D,  intracellularis  which  might  occasion  errors 
in  the  observations. 

The  foregoing  observations  suffice  to  show  the  futihty  of  an 
attempt  to  use  these  methods  of  agglutination  in  the  comparative 
study  of  all  the  diplococci  decolorized  by  Gram's  stain  found  in  the 
nose  and  throat,  and  those  obtained  from  spinal  fluids.  In  some 
cases  they  simply  demonstrate  constant  differences  in  the  suspensions 
of  different  cultures. 

It  was  thought  that  more  obviously  biological  differences  or  like- 
nesses of  general  applicability  might  be  revealed  if  the  various  agglu- 
tinins in  the  sera  were  removed  by  absorption  with  large  quantities 
of  a  given  species,  and  the  serum  thus  deprived  of  one  set  of  agglu 
tinins  applied  to  suspensions  of  the  various  organisms  under  study, 
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with  a  view  to  determining  which  of  these  species  were  then  agglu- 
tinated. Many  such  experiments  were  made,  with  apparently 
gratifying  success,  but  a  critical  review  of  the  results  casts  much 
doubt  upon  their  significance  and  also  reveals  unexpected  difficulties 
in  technique,  which  have  not  yet  been  overcome. 

It  was  found  that  D.  intracellularis  from  spinal  fluids  apparently 
removed  all  the  agglutinins  capable  of  clumping  the  organisms 
derived  from  the  spinal  fluids  and  also,  as  far  as  could  be  determined, 
those  agglutinating  the  catarrhalis-like  organism  and  other  members 
of  the  fourth  group  from  the  nares;  whereas  the  latter  failed  to 
remove  from  the  serum  of  animals  immunized  with  D.  intracellularis 
more  than  a  fraction  of  the  agglutinins  clumping  D.  intracellularis. 
But  the  very  heavy  suspensions  necessarily  used  to  insure  absorption 
of  the  agglutinins  were  very  different  in  the  two  cases.  It  was  com- 
paratively easy  to  separate  the  catarrhahs-like  organisms  from  the 
diluted  serum  (usually  diluted  i  in  5  or  i  in  10  with  normal  salt 
solution)  either  by  centrifugalizing  or  by  filtration  through  a  Berke- 
feld  filter.  But  it  was  found  to  be  impossible  to  free  the  serum 
sufficiently  from  D.  intracellularis  with  any  available  centrifuge. 
Although  most  of  the  organisms  were  thrown  down,  so  large  a  num- 
ber remained  in  suspension  that  the  use  of  the  serum  was  very 
unsatisfactory,  especially  in  view  of  the  delayed  reactions  already 
described.  The  separation  of  the  serum  by  filtration  through  a 
Berkefeld  filter,  while  successful,  was  exceedingly  slow  in  compari- 
son with  the  similar  filtration  when  cultures  of  the  catarrhalis-like 
cocci  were  employed.  The  heavy  suspensions  of  D.  intracellularis 
quickly  formed  a  dense  coating  upon  the  surface  of  the  filter,  while  an 
equally  dense  suspension  of  the  catarrhalis-like  organisms  was  more 
granular,  or  less  sHmy,  and  the  deposit  upon  the  filter  impeded  the 
passage  of  the  serum  in  a  very  much  less  degree.  This  difference  in 
the  physical  character  of  the  two  suspensions,  which  persisted  in 
considerable,  though  less  degree,  even  when  the  centrifuge  was  used 
before  filtration,  excited  the  suspicion  that  the  agglutinins  of  the 
serum  were  mechanically  held  back  by  the  coating  of  organisms  or 
slimy  substances  in  the  suspension,  and  this  suspicion  was  increased 
by  the  observation  that  a  heavy  suspension  in  diluted  immune  scrum 
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of  a  culture  from  the  throat,  which  was  certainly  neither  D.  intracel- 
lularis  nor  one  of  the  catarrhalis-Iike  group,  but  which  produced  much 
mucinous  material  on  2  per  cent  glucose  agar,  also  filtered  exceed- 
ingly slowly  and  removed  nearly  if  not  quite  all  the  agglutinins 
clumping  D.  intracellularis  and  intracellularis-like  diplococci.  If  the 
loss  of  agglutinins  were  due  to  a  mechanical  prevention  of  their  pas- 
sage through  the  clogged  filter  and  not  to  a  union  with  the  organisms, 
the  value  of  these  absorption  tests,  when  all  the  agglutinins  have 
been  removed,  is  so  seriously  impaired  as  to  cast  doubt  on  their 
having  any  specific  value,  though  they  do  reveal  differences  in  the 
cultures  used  for  absorption  and,  for  this  reason,  are  not  without 
significance. 

To  test  the  eff^ect  of  clogging  a  Berkefeld  filter  with  a  colloid  so 
as  to  lengthen  the  time  required  for  the  passage  of  a  diluted  serum, 
a  I  per  cent  colloidal  solution  of  corn  starch  boiled  in  0.75  per  cent 
salt  solution  was  used  as  a  diluent  of  the  immune  serum,  and  com- 
pared with  a  similar  dilution  with  normal  salt  solution  used  as  a 
control.  The  latter  passed  through  a  Berkefeld  filter  in  15  minutes. 
The  starch  mixture  required  about  20  hours,  or  80  times  as  long. 
The  agglutinating  limits  of  the  starch  filtrate  upon  various  of  the 
organisms  under  study  was  found  to  be  only  I  to  yV  that  of  the  control. 
This  result  appears  to  support  the  idea  that  the  agglutinins  might  be 
mechanically  held  back  by  the  coating  upon  the  filter  when  intracel- 
lularis was  used  for  absorption.  It  is  possible,  however,  that  the 
colloidal  starch  may  have  had  some  direct  action  upon  the  agglu- 
tinins in  the  serum.  But  this  might  also  be  the  case  with  collodial 
(slimy)  substances  in  the  cultures  of  D.  intracellularis.  That  the 
agglutinins  may  in  this  case  be  mechanically  separated  by  filtration 
is  also  suggested  by  an  observation  indicating  that  the  removal  of  the 
major  part  of  the  diplococci  from  the  diluted  serum  with  the  centri- 
fuge somewhat  hastens  subsequent  filtration,  but  furnishes  a  filtrate 
with  greater  agglutinating  power  than  it  possessed  when  filtration 
was  slower. 

Notwithstanding  the  fact  that  these  absorption  tests  have  failed  to 
establish  a  definite  union  between  specific  agglutinins  in  the  immune 
sera  and  the  intracellularis  organisms,  they  throw  some  light  on  the 
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relations  between  D.  intracellularis  and  the  diplococci  of  the  fourth 
group  found  in  the  nose  and  throat.  Some  of  the  latter  were  identi- 
cal in  behavior  with  D.  intracellularis;  others  yielded  suspensions 
much  more  readily  filtered  or  freed  from  the  organisms  with  the 
centrifuge. 

fermentation. 

A  more  striking  biological  distinction  between  D.  intracellularis 
and  the  catarrhaHs-like  group  of  cultures  was  the  differences  they 
exhibited  in  the  production  of  acid  when  grown  in  a  suitable 
medium  containing  dextrose.  Twenty-six  of  the  cultures  from  the 
spinal  fluid,  three  from  the  blood,  and  sixteen  from  the  nose  or  throat 
of  patients  with  epidemic  meningitis  were  studied  with  a  view  to 
determining  the  production  of  acid  when  grown  in  the  presence 
of  dextrose. 

The  medium  employed  was  a  mixture  of  nutrient  broth  containing 
I  per  cent  dextrose,  sheep  serum  diluted  with  three  times  its  volume 
of  water,  and  i  per  cent  solution  of  Kahlbaum's  or  Merck's  purified 
litmus.  These  three  constituents  were  separately  sterihzed  in  the 
Arnold  sterihzer  on  three  successive  days,  and  then  one  part  of  the 
diluted  serum  mixed  with  three  parts  of  the  broth  and  enough  of  the 
litmus  solution  added  to  impart  a  distinct  color  to  the  whole.  The 
mixture  thus  prepared  was  incubated  for  two  to  three  days  to  detect 
accidental  contamination.  All  of  the  cultures  of  D.  intracellularis  from 
spinal  fluids  and  all  of  the  cultures  from  the  blood  produced  an  unmis- 
takable acid  reaction  in  this  medium  after  incubation  at  37°  for  24 
hours.  The  intensity  of  this  reaction  usually  increased  shghtly  dur- 
ing the  next  24  to  48  hours,  but  in  no  case  was  the  acid  production 
sufficiently  abundant  to  occasion  coagulation  in  the  medium.  When 
the  reaction  has  reached  a  certain  degree  of  acidity  it  appears  to 
remain  about  constant,  and  to  render  the  medium  unfavorable  for 
the  further  growth  of  the  organisms.  At  the  end  of  nine  days  only 
three  out  of  29  such  cultures  were  found  to  contain  hving  organisms. 
Similar  cultures  made  with  the  organisms  from  the  nose  and  throat 
differentiated  them  into  three  groups:  (i)  those  which  produced 
acidity  without  coagulation,  i.  e.,  the  same  change  wrought  by  D. 
intracellularis;   (2)  those  causing  the  formation  of  acid  with  coagula- 
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tion  in  24  hours;  and  (3)  those  producing  no  acidity  (or,  perhaps 
causing  an  alkahne  change  of  reaction)  even  after  nine  days' 
incubation. 

Of  the  16  cultures  from  the  nose  and  throat,  six  affected  this  broth- 
serum-glucose  medium  in  exactly  the  same  way  as  D.  intracellularis. 
Of  these  six  cultures  a  few  had  already  been  used  for  observations 
concerning  their  susceptibility  to  agglutination  and  their  abihty  to 
absorb  agglutinins  from  immune  sera.  In  all  these  respects  and  in 
the  characters  of  the  suspensions  they  furnished,  and  in  their  various 
cultures,  they  corresponded  to  parallel  observations  on  D.  intracellu- 
laris. As  far  as  our  knowledge  can  justify  a  conclusion,  these 
cultures  were  identical  with  this  diplococcus  and  the  latter  were, 
therefore,  present  in  the  upper  air  passages  in  the  cases  of  epidemic 
meningitis  from  which  these  cultures  were  obtained. 

Most  of  the  work  furnishing  the  results  here  summarized  was 
done  during  the  summer  of  1905  with  the  assistance  of  Mr.  Hubert 
C.  Ward,  to  whom  grateful  acknowledgment  for  many  helpful  sug- 
gestions and  unflagging  interest  is  cordially  extended. 
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IN  THE   NASAL   CAVITIES   OF   MENINGITIS 

PATIENTS  AND  OF  THOSE  IN  DIRECT 

CONTACT  WITH  THEM  * 

Mary  E.  Goodwin  and  Anna  I.  von  Sholly, 

Assistant  Bacteriologists,  Research  Laboratory. 
(From  the  Research  Laboratory  of  the  Department  oj  Health,  Dr.  William  H.  Park,  Director.) 

Everyone  familiar  with  the  investigations  concerning  the  etiology 
of  meningitis  knows  that,  owing  partly  to  the  difficulty  of  isolating 
and  keeping  alive  the  meningococcus,  partly  to  its  similarity  to  other 
micrococci,  the  work  of  most  investigators  has  been  incomplete  and 
therefore  of  little  permanent  value. 

As  the  amount  of  influence  which  the  results  of  the  investigations 
here  recorded  may  exert  depends  largely  on  the  degree  to  which  others 
are  convinced  of  the  thoroughness  of  the  identification  of  the  organ- 
isms found  in  the  nasal  cavities,  it  seem.s  best  to  review  briefly  the 
literature  in  order  to  see  what  characteristics  the  best  observers  con- 
sider as  belonging  to  the  meningococcus  and  therefore  as  necessary 
to  prove  the  identity  of  the  suspected  organism. 

The  first  important  stiady  of  the  etiology  of  primary  cerebro-spinal  meningitis 
was  undertaken  by  Weichselbaum  in  1887.  Before  that  time  it  had  been  pretty  well 
established  that  in  secondary  cases  the  pneumococcus  was  at  times  the  exciting  factor, 
though  Leydeni  and  Leichtenstern^  had  noted  diplococci  in  the  ercudate  of  fatal  cases 
of  primary  cerebro-spinal  meningitis  which  they  believed  to  be  different  from  pneu- 
mococci.  Their  descriptions  lead  one  to  think  that  they  really  saw  the  meningococcus, 
but  their  work  was  too  meager  to  establish  this. 

In  1887  Weichselbaum3  isolated,  and  carefully  studied,  cultures  from  six  typical 
cases  of  cerebro-spinal  meningitis.  The  cocci  had  the  following  cultural  character- 
istics. They  grew  well  on  nutrient  agar-agar  containing  2  per  cent  of  gelatin.  The 
growth  on  the  surface  was  rather  flat  and  viscid;  it  was  gray  in  direct,  and  grayish- 
white  in  transmitted,  light.  The  borders  were  indented  and  showed  the  growth  to  be 
made  up  of  confluent  colonies.  Potato  showed  no  visible  growth.  On  the  agar- 
gelatin  plates  the  deep  colonies  were  very  small.  The  surface  colonies  were  grayish 
white.  Under  the  microscope  they  were  round  or  irregular,  finely  granular  and  their 
borders  indented.  They  had  a  golden  brown  nucleus,  an  inner  light  yellow  zone, 
and  an  outer  one  which  was  transparent  and  colorless.     Weichselbaum  found  it  neces- 

*  Technical  portion  of  Part  I  of  an  investigation  of  cerebro-spinal  meningitis  carried  on  under  the 
auspices  of  the  Special  Commission  of  the  Department  of  Health  of  Xew  York  City. 
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sary  to  transplant  the  cultures  every  two  days  in  order  to  keep  them  alive,  as  they  were 
found  to  die  usually  in  from  three  to  six  days.  The  cocci  themselves  were  mostly  in 
pairs;  some  were  single  and  a  few  in  tetrads  and  small  heaps.  The  single  cocci  were 
round,  the  pairs  flattened  at  the  apposed  ends.  The  cocci  varied  greatly  in  size  and 
staining,  the  larger  forms,  which  stained  more  deeply,  being  sometimes  twice  as  large 
as  the  smaller,  more  faintly  staining  ones.  They  were  mostly  intracellular  in  the 
e.xudate,  and  were  found  only  in  small  numbers  in  the  tissues.  All  the  cultures  were 
Gram  negative,  and  grew  well  only  at  blood  heat.     They  did  not  grow  at  all  at  20°  C. 

In  1895  H.  Jaeger4  published  the  results  of  the  study  of  14  cultures  isolated  from 
typical  epidemic  cerebro-spinal  meningitis.  The  organisms  he  isolated  differed  from 
those  of  Weichselbaum  and  more  recent  investigators  in  the  following  characteristics. 
There  were  short  chains  of  four  to  six  elements  present  in  all  the  cultures,  and  in  two 
cultures  there  were  long  chains  of  20  to  30.  He  describes  the  cultures  as  being  some- 
times Gram  positive  and  sometimes  negative.  However,  he  never  found  Gram  posi- 
tive cocci  in  the  tissues.  His  cultures  grew  at  lower  temperature.  The  viability  of 
his  cultures  was  much  greater,  one  culture  in  broth  living  43  days.  The  culture  stood 
drying  for  96  days  and  pus  dried  on  linen  gave  a  growth  of  the  cocci  after  127  days. 
A  capsule  was  present  in  the  smears. 

A.  Heubner,s  Jaeger's  strongest  supporter,  describes  cultures  from  four  cases 
which  were  identical  with  Jaeger's.  Jaeger  in  his  article  of  1899^  still  clings  to  his 
description  of  1895.  In  19017  he  decides  that  the  meningococcus  has  no  capsule,  but 
in  other  points  holds  to  his  original  position;  nor  does  he  add  anything  new  in  his 
paper  of  1903." 

Between  Jaeger's  first  and  last  papers  a  series  of  investigations  had  been  carried 
on  which  demonstrated  to  most  bacteriologists  that  cither  he  had  failed  to  isolate  the 
true  organisms  exciting  the  disease,  or  had  allowed  contaminating  or  associated  bacteria 
to  overgrow  and  displace  the  meningococci  in  his  cultures. 

Councilman,  Mallory,  and  Wright, ^  after  a  thorough  study  of  31  cases,  describe 
their  cultures  as  being  similar  to  those  of  Weichselbaum. 

In  1 90 1  Albrecht  and  Ghon,9  after  working  with  22  cultures,  agreed  with  Weich- 
selbaum. The  greater  number  of  cultures  observed  led  them  to  give  wider  limits  of 
temperature  as  suitable  for  development.  Some  cultures  grew  from  25°-40°,  though 
the  maximum  growth  was  always  between  36°-37°.  They  arc  the  first  to  describe  the 
"bread  crumb"  granules  found  in  the  center  of  the  colony  after  48  hours.  They  give 
the  best  media  as  Loeffler's  blood  serum,  or  agar  containing  ascitic  fluid.  A  pellicle 
on  the  broth  cultures,  when  the  broth  was  neutral  and  the  cultures  were  left  quiet  for 
several  days,  was  almost  constant.  In  a  few  instances  they  kept  cultures  alive,  when 
protected  from  drying,  for  185  days  without  transplanting.  All  the  cultures  were 
Gram  negative  and  there  was  no  tendency  to  chain  formation.  .Mbrecht  and  Ghon 
obtained  cultures  from  Jaeger  and  from  Heubner  and  found  them  not  only  quite  differ- 
ent from  theirs,  but  also  unlike  each  other. 

,'Mbrecht  and  Ghon,'°  and  Weichselbaum, "  in  convindng  articles  pul:)lishccl  in 
1903,  take  up  the  peculiarity  of  Jaeger's  cultures  point  by  point,  and  arc  of  the  opinion 
that  he  was  not  working  with  true  meningococcus  cultures.  Taking  the  important 
points  agreed  upon  by  the  best  workers,  Albrecht  and  Ghon  give  the  following  char- 
acteristics as  essential  in  identifying  true  meningococcus  cultures. 

I.  Gonococcus-likc  in  form,  dividing  in  the  same  way,  always  Gram  negative, 
having  many  degeneration  forms,  and  often  intracellular. 
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2.  Growing  only  at  fairly  high  temperature,  25°-42°,maximum  growth  at  36°-37°. 

3.  Colonies  on  agar  plates  luxuriant,  quite  viscid,  glistening,  gray  in  direct  light 
and  grayish-white  in  transmitted  light. 

4.  Growth  confined  almost  entirely  to  surface  in  stab  culture. 

5.  Develops  pelhcle  on  broth  culture  (when  the  broth  is  neutral  and  the  cultures 
are  undisturbed  for  several  days). 

6.  Slight  pathogenicity  for  ordinary  animals. 

7.  Non-resistant. 

MICROCOCCUS    CATARRHALIS. 

In  1901  Ghon  and  H.  Pfeiflferi3  published  the  results  of  the  study  of  40  cultures 
of  Micrococcus  catarrhalis.  They  found  that,  while  it  grew  best  on  blood  agar,  it 
would  grow  on  ordinary  media.  It  differed  from  the  meningococcus  in  growing  more 
easily,  more  luxuriantly,  and  at  a  lower  temperature.  The  colonies  under  the  micro- 
scope were  darker,  more  compact,  and  had  more  abrupt  margins.  JaegerM  finds  all 
the  strains  of  M.  catarrhahs  self-agglutinating.  Some  of  the  cultures  examined  by 
us  have  had  all  the  above  characteristics,  while  others  have  more  nearly  resembled 
the  meningococcus. 

MENINGOCOCCUS    CULTURES    ISOLATED    BY    PREVIOUS    INVESTIGATORS 
FROM   THE   NASAL   MUCUS. 

In  going  over  the  literature  we  are  impressed  with  the  small  num- 
ber of  cases  from  which  thoroughly  identified  meningococcus  cultures 
have  been  isolated  from  the  nasal  mucus.  The  cases  from  which 
Gram  negative  diplococci  closely  resembling  meningococci  have  been 
found  in  the  smears  from  the  nose  and  throat  are,  on  the  contrary, 
numerous,  and  have  been  found  by  nearly  all  workers  on  meningitis. 

The  first  to  identify  as  meningococcus  a  culture  taken  from  the  nasal  mucus  was 
F.  Kiefer.'s  While  working  with  meningitis  cultures  he  developed  a  severe  purulent 
rhinitis.  The  pus  contained  numerous  meningococci.  In  1898  Schiff"^  isolated 
cultures  from  three  out  of  29  dispensary  patients,  a  portion  of  whom  suffered  from 
chronic  laryngitis,  which  cultures,  he  says,  Weichselbaum  considered  true  menin- 
gococci. These  three  cultures  will  be  considered  later  in  connection  with  two  obtained 
by  us  from  medical  students,  which  agreed  with  the  meningococci  obtained  from  the 
spinal  fluid  in  all  respects  except  in  agglutination  characteristics.  Councilman 
Mallory,  and  Wright^  report  one  culture  from  the  throat  of  a  tonsihtis  case.  Griffon 
and  Gandyi?  twice,  at  an  interval  of  five  days,  isolated  cultures  from  the  nose  of  a 
meningitis  case  which  were  identical  with  cultures  from  the  spinal  fluid.  Albrecht 
and  Ghon  report  two  instances,  one  from  a  case  of  meningitis,  the  other  from  a  man 
whose  child  died  of  meningitis  three  days  before  the  culture  was  taken.  F.  Lord,'^  of 
Boston,  isolated  meningococci  from  a  case  of  rhinitis.  A.  Weichselbaum  and  Ghon'9 
identified  one  culture  from  the  nose  of  a  meningitis  patient  and  three  from  the  noses 
of  people  in  contact  with  patients.  These  cultures  from  the  14  cases  were  the  only 
ones  we  could  find  that  were  studied  with  sufficient  care  to  warrant  their  acceptance 
as  true  meningococci. 
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ORIGINAL   INVESTIGATION. 

Most  of  the  material  for  this  investigation  was  obtained  through 
the  courtesy  of  Dr.  A.  W.  Taves,  of  Gouverneur  Hospital. 

The  mucus  was  taken  from  the  nasal  fossae  with  a  sterile  cotton 
swab  and  plated  out  as  soon  as  possible  on  ascitic  agar.  As  a  rule 
the  plates  were  made  within  one  hour  of  collecting  the  specimen, 
while  the  swab  was  still  moist.  These  plates  were  incubated  for  from 
24  to  48  hours,  then  fished  in  the  usual  way.  The  colonies  were  put 
on  blood  agar,  which  seemed  to  be  the  most  favorable  medium. 

Several  colonies  were  fished  from  every  type  found  which  resembled 
a  meningococcus  colony  in  color  or  granularity,  and  which,  under  the 
high  power,  showed  diplococci  resembling  meningococci.  The 
organisms  from  the  cultures  were  stained  by  Gram,  and  several  of 
the  Gram  negative  ones,  which  in  cultures  resembled  meningococci, 
were  kept  for  study. 

Fifty-two  meningitis  cases  were  examined.  Meningococci  were 
isolated  from  12  of  the  22  cases  examined  during  the  first  week  of 
the  disease,  and  from  5  of  the  15  examined  during  the  second  week. 
In  six  cases  examined  during  the  third  week,  three  during  the  fourth, 
and  six  between  the  fifth  and  ninth  weeks,  no  meningococci  were 
found,  while  in  a  very  severe  case  examined  on  the  67th  day,  we 
found  a  few  colonies.  In  one  case  we  failed  to  get  them  on  the 
first  day  and  found  them  in  large  numbers  on  the  second. 

From  this  it  would  seem  as  though  the  meningococci  were  present 
in  a  rather  large  percentage  of  the  cases  during  the  first  week  of  the 
disease. 

The  nasal  secretions  of  45  healthy  persons  living  in  close  contact 
with  meningitis  patients  were  examined.  In  five  of  these,  menin- 
gococci were  isolated  during  the  first  two  weeks  of  the  patients'  ill- 
ness. From  the  nasal  mucus  of  55  first  year  medical  students  who 
had  never  been  in  known  contact  with  meningitis,  there  were  isolated 
in  two  cases  a  few  organisms  which  were,  culturally  and  in  patho- 
genicity, like  meningococci.  In  studying  their  agglutination,  how- 
ever, we  found  that  they  differed  from  our  other  cultures  in  their 
specific  agglutinins,  and  therefore  were  differentiated  in  one  impor- 
tant respect  from  the  latter.  In  this  connection  it  is  of  interest 
that  Schiff,  in  describing  his  cultures  from  the  nasal  cavity  of  people 
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not  in  contact  with  meningitis,  does  not  refer  to  agglutination,  and 
evidently  did  not  make  the  test.  His  cultures  may  have  differed  as 
ours  do.  One  cannot  safely  classify  these  atypical  cultures.  They 
may  be  meningococci  derived  from  a  strain  different  from  those  iso- 
lated by  us  in  the  present  epidemic,  or  organisms  not  capable  of 
readily  exciting  meningitis,  and  yet  so  closely  related  that  they  can- 
not be  differentiated  without  more  careful  cultural  tests  than  we  at 
present  use. 

The  following  tables  give  the  cases,  the  day  of  the  disease  when 
the  specimen  was  taken,  the  termination  of  the  disease,  and  the 
bacteriological  findings. 

TABLE    I. 
Cases  of  Meningitis  in  Which  Meningococci  Were  Isolated  from  the  Nasal  Mucus. 


Day  of  Disease 


Termination 


Percentage  of 

Meningococcus 

Colonies  Present  in 

Plates 


W.  W.. 

J  N.... 
L.  Z.... 
E.  R.... 
R.  T... 
J.  G.... 
Mrs.  M 
S.  F.... 
S.  K.... 
J.  S.... 

D.  M... 
C.  P.... 

M 

M.  G... 
J.  M... 
M.  H... 

E.  S.... 
S.  K.... 


Died 
Died  3d  day 

? 
Died  4th  day 


Died  6th  day 
Died 


Recovered 

? 

Died 


Died 
Died  60th  day 


About  ss 
"  90 
"  30 
"  50 
"  40 
"      95 

Very  few 

About  so 
"  90 
"  30 
"  2 
Few 

About  10 
"  2 
A  very  few 

About  95 


TABLE  2. 

Contacts  with  Meningitis  Cases  from  Whom  Meningococci  Were  Isolated  from  the 

Nasal  Mucus. 


Name 

Day  of 

Patients' 

lUness 

Time  Since 
Last  Contact 

Condition 

Percentage  of 

Meningococcus 

Colonies  Present 

in  Plates 

Mr.  D 

4  days 
4 
Still  in  contact 

14  days 

Normal 

About  95 
"       95 
"       95 
"       50 
"      30 

Mrs.  D 

Mrs.  K 

14th  day 
14th  " 

A.  K 

Mrs.  M 

The  plate  cultures  from  the  mucus  of   all  these  cases  contained  many  colonies  and  in  most  cases 
great  numbers  of  colonies. 
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TABLE   3. 
Cases  of  Meningitis  in  Which  Meningococci  Were  Not  Isolated  from  the  Nasal  Mucos. 


No.  Examined 

Day  of  Disease 

No.  Examined 

Day  of  Disease 

No.  Examined 

Day  of  Disease 

1 
2 
3 
6 
7 
9 
10 
II 

13 
14 
IS 
17 
18 
19 
20 
21 

24 

28 

31 
40 
42 

60 

TABLE   4. 
Cont.acts  with  Meningitis  Cases  from  Whom  No  Meningococci  Were  Isolated  from  the  Nasal 

Mucus. 


*      Number  Examined 

Days   since  Contact 

Number  Examined 

Days   since  Contact 

S 
9 

2 
I 
I 

2 
3 
4 
10 
18 

I 
I 
3 
I 
16 

35 
50 
56 
60 
Still  in  contact 

All  contacts  were  occupants  of  the  same  rooms  and  nearly  always  members  of  the  family. 

From  14  cases  we  took  multiple  specimens.  In  only  one  case  did 
we  find  meningococci  in  two  specimens,  90  per  cent  on  the  fifth  day, 
and  a  very  few  on  the  tenth.  Table  5  gives  the  cases,  the  day  of 
disease,  and  the  bacteriological  findings. 

CULTURAL  CHARACTERISTICS   OF  THE   MENINGOCOCCI  ISOLATED   FROM 
THE    NASAL    MUCUS. 

The  cultures  isolated  from  the  nasal  mucus  were  carried  out  on 
the  different  laboratory  media  and  compared  with  30  cultures  isolated 
from  a  similar  number  of  specimens  of  spinal  tiuid. 

There  were  no  apparent  differences  between  the  nose  and  spinal 
fluid  cultures.  Some  grew  more  luxuriantly  than  others.  The  more 
luxuriant  cultures  from  both  spinal  fluid  and  nose  seemed  to  have  a 
more  yellow  tone,  while  those  growing  in  a  thinner  layer  were  grayish- 
white. 

The  morphology  of  the  organisms  differed  slightly,  but  the  differ- 
ences were  the  same  for  cultures  from  both  sources. 

The  meningococci  occurred  as  flattened  cocci  in  pairs,  fours,  and 
sixes.  They  varied  widely  in  size  in  the  same  culture  from  the  same 
media,  and  differed  greatly  in  the  intensity  with  which  they  took  the 
stain. 

In  no  case  did  a  culture  tend  to  be  Gram  positive.     Cultures  were 
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repeatedly  plated  out,  and  numerous  colonies  fished  and  stained  by 
Gram.  In  a  culture  transplanted  twice  a  day  for  five  days  on  Loef- 
fler's  blood  serum,  so  that  the  organisms  might  all  be  very  young; 
there  was  no  tendency  for  any  of  them  to  be  Gram  positive. 

TABLE    5. 
Cases  of  Meningitis  from  Which  Multiple  Specimens  Were  Examined. 


Name 

B.  I 

E.  E 

G.  D 

K.  S 

M.  D 

C.  P 

S.  M 

S.J 

S.  T 

S.  J 

W.  F 

W.  J 

Z.  L 


Day  of  Disease 


Termination 


Findings 


Recovery 

Died  7th  day 
Died  45th  day 

? 

Recovered 

? 


Recovered 


Died  loth  day 
? 


Xo  meningococci 


90  per  cent 

A  few 

Xo   meningococci 

2  per  cent  meningococci 

Xo  meningococci 


5  per  cent  memngococci 
Xo  meningococci 


30  per  cent  meningococci 
Xo  meningococci 


30  per  cent  memngococa 


The  method  of  staining  by   Gram  was   the  same  throughout   the 
work  and  was  briefly  as  follows : 

1.  Stain  two  minutes  in  anilin  gentian  \'iolet 

2.  Displace  anilin  gentian  violet  with   Gram's  Iodine    Solution    and   leave   on 
one  and  one-half  minutes. 

3.  Wash  in  95  per  cent  alcohol  until  visible  color  stop?  coming  out. 

4.  Wash   in   water   and   counter   stain    30  seconds   in  watery  solution    of   Bis- 
marck brown  (2  grams  in  100  c.c.) 
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In  no  culture  was  any  tendency  to  chain  formation  observed.  The 
cuUural  characteristics  of  colonies  on  ascitic  agar  plates  were  as 
follows : 

1.  Macroscopic  appearance. — In  many  cultures  there  are  two  distinct  zones,  but 
this  was  not  found  constant  on  repeated  plating.  Where  the  colonies  are  in  contact, 
they  are  usually  di\-ided  by  a  distinct  line.  They  are  oval  or  irregular,  gransh-white 
to  yellowish-white,  moist  and  usually  \ascid,  flowing  about  the  needle  instead  of  break- 
ing away  from  it  when  they  are  fished. 

2.  Microscopic  appearance:  Low  power.— Fale  amber  to  brown  in  color.  From 
fine  and  evenly  granular  colonies  to  those  with  very  coarse  central  granules.  Mar- 
gins generally  rather  even  and  often  not  abrupt. 

3.  Microscopic  appearance:  High  power. — The  diplococci,  and  occasionally  the 
fours,  show  plainly.  On  some  plates  the  margins  are  smoother  and  more  abrupt, 
and  the  separate  organisms  are  distinguished  with  difficulty. 

The  most  constant  characteristics  seem  to  be  the  coarse  central  granules  and  the 
characteristic  separate  organisms  at  the  margins  when  observed  with  high  power. 

Ascitic  agar  slants. — Grayish-white,  fairly  luxuriant  growth,  usually  with  dis- 
crete colonies.  These  colonies  at  times  have  a  diameter  of  five  millimeters  at  48 
hours.  They  are  generally  quite  round,  but  vary  a  good  deal  in  the  waviness  of  their 
outlines.  Two  zones  are  often  distinguished.  In  the  smears  from  ascitic  agar  the 
organisms  stain  poorly  and  are  indistinct. 

Loefjier's  blood  serum. — The  growth  is  hea\y,  moist,  confluent  and  yellowish. 
The  smears  show  the  organisms  distinctly,  and  usually  of  larger  size  than  on  ascitic 
agar. 

Plain  agar. — Growth  scant,  if  any,  and  generally  consisting  of  a  few  isolated 
colonies. 

Glucose  agar. — Growth  slightly  better  than  on  plain  agar. 

Glycerin  agar. — Same  as  plain  agar. 

Blood  agar. — Growth  verj'  lu.xuriant,  confluent,  yellowish-white  and  e.xtremely 
sticky;    smears  same  as  from  Loeffler's. 

Sheep  serum  agar. — Growth  fairly  luxuriant,  about  the  same  as  ascitic  agar. 

Gelatin. — Xo  cultures  grew  below  24°.  At  37°  C.  all  the  cultures  grew  well, 
with  the  formation  of  a  heavy  pellicle.  .\t  the  end  of  six  weeks  the  gelatin  still  hardened 
when  put  in  the  ice  box. 

Hiss's  inulin  medium. — Rendered  opaque  but  not  coagulated. 

Litmus  milk. — The  cultures  grew  only  slightly  and  turned  the  milk  somewhat 
darker  than  control  at  the  end  of  48  hours,  but  made  no  further  change. 

Marble  broth. — Most  of  the  cultures  grew  slightly,  a  few  grew  well,  making  the 
medium  cloudy,  aftenvard  forming  a  pellicle  and  sediment.  The  peUicle  was  quite 
general  after  one  week. 

Plain  broth. — Very  few  cultures  grew  in  our  broth  and  these  only  slightly.  This 
was  possibly  due  to  an  unsuitable  reaction  of  the  broth. 

Dunham's  peptone  solution. — Growth  very  sUght.     Indol  not  produced. 

Glucose  litmus  peptone  sheep  serum  agar. — Acid  produced  after  48  hours. 

Lactose  litmus  peptone  slteep  serum  agar. — .\cid  produced  after  48  hours. 

Maltose  litmus  peptone  sheep  serum  agar. — Acid  produced  after  48  hours. 

Saccharose  litmus  peptone  sheep  serum  agar. — Acid  not  produced  after  48  hours. 
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Mannite  litmus  peptone  sheep  serum  agar. — Acid  not  produced  after  48  hours. 

Temperature. — The  maximum  growth  was  at  about  37°.  Nearly  all  the  cultures 
grew  at  30°  three  months  after  isolation;   a  few  grew  slightly  at  24°. 

Viability. — The  cultures  varied  greatly  in  the  length  of  time  which  they  would 
live  without  transplanting.  In  order  not  to  lose  cultures  we  reinoculated  them  every 
five  days.  Many  of  the  cultures  on  ascitic  agar  lived  from  10  to  20  days  without  pro- 
tection from  drying,  and  some  of  the  broth  and  gelatin  cultures  lived  from  five  to  eight 
weeks.  After  25  cultures  were  kept  in  the  ice  box  for  five  days  none  of  them  were 
alive.  Cultures  left  at  room  temperature  and  in  the  ordinary  amount  of  light 
varied  greatly  in  their  resistance.     Most  of  them  failed  to  grow  after  48  hours. 

AGGLUTINATION. 

Weichselbaum  and  Ghon'^  and  Bettencourt  and  Franja^"  found 
that  the  serum  of  meningitis  patients  agglutinated  meningococci  in 
from  1 :  10  to  i :  100  dilutions.  They  found  that  the  serum  of  animals 
immunized  for  a  long  time  with  meningococci  agglutinated  the  cul- 
tures only  in  low  dilutions,  i :  100  being  the  highest.  We  tested  the 
serum  of  very  few  patients.  The  highest  dilution  agglutinating  was 
1 :  200. 

Finding  it  impossible  to  distinguish  between  nasal  and  cord  cul- 
tures by  morphological  or  cultural  comparison,  we  have  made  use 
of  a  specific  serum  to  aid  in  classifying  the  cultures  from  the  different 
sources. 

We  inoculated  two  horses,  two  sheep,  three  goats,  and  20  rabbits. 
Only  two  rabbits  lived  long  enough  to  give  a  serum  of  sufficient 
agglutinating  strength  to  help  in  our  work.  Of  these  two,  one  was 
inoculated  with  a  nasal  culture  from  a  student  not  in  contact  with 
meningitis.  This  serum  agglutinated  its  own  culture  and  several 
typical  meningococcus  cultures  completely  in  a  dilution  of  i :  40.  The 
other  was  inoculated  with  a  cord  culture,  and  agglutinated  its  own 
culture  in  a  1 :  400  dilution,  and  other  cultures  in  a  i :  50  or  slightly 
higher  dilutions. 

One  sheep,  after  being  inoculated  with  rather  large  doses  of  a 
cord  culture  for  over  three  months,  gave  a  serum  agglutinating  most 
of  the  cultures  completely  in  a  i :  40  dilution.  The  goat  sera  never 
agglutinated  above  i :  20. 

One  horse  was  inoculated  with  a  nasal  culture  obtained  from  a 
severe  case  of  meningitis  on  the  second  day  of  the  disease.  The 
patient  died  on  the  third  day.  This  horse  died  after  a  month's 
treatment,  before  the  serum  was  of  much  value.     The  other  horse 
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was  given  a  cord  culture,  and  though  he  became  very  sick  at  the  end 
of  the  first  month,  he  improved  when  given  smaller  doses.  At  the 
end  of  four  months  the  agglutinating  strength  of  this  serum  was 
1 :  loo  for  most  of  our  cultures.  It  seemed  better  for  some  other 
cultures  than  for  its  own. 

There  was  a  great  difference  in  the  degree  of  agglutinability  of  the 
cultures  on  different  days,  which  made  it  very  difficult  to  compare 
the  results  quantitatively. 

The  following  tables  give  some  of  the  serum  tests  with  cultures 
from  the  spinal  fluid  and  noses  of  patients,  and  from  the  noses  of 

TABLE   6. 

Agglutination  of  22  Cultures  Obtained  from  the  Spinal  Fluid,  and  of  21  from  the  Nasal  Mucus 

BY  Serum  of  Sheep  182  after   Animal  Had  Been  Inoculated  for  Three  Months. 


33-2   nose 

XI-2  nose 

1 24-;    cird 

VII-3  nose 

W.  P.   :    cord... 

108-5  cord 

D.  Getz  cord. . . 
Wiesbard  codr . . 

lOD— 2   cord 

95-2   nose 

140-2   cord 

91-1    nose 

114-2    nose 

152-1    cord 

Mi 42-2   nose... 

Pregalia  cord 

140-3  cord 

Stolz-2    nose. . . . 

Cohen  cord 

Fieland  cord .  .  . 
Fieland  nose  ... 
Goldfarb  cord  . 
Schwartz  nose. . 
Goldfarb  nose   . 

182  c^'rd 

Merrit    no.se.... 

136  cord 

23-2    nose 

IX-2   nose 

Horrowitz  cord. 

14  cord 

105-5    nose 

25.3-.S  cord 

36-8   nose 

20—3    nose 

85-1    nose 

142-S  cord 

Bayridge  cord. . 

Rubin   nose 

Marzo  nose .  .  .  . 
Fielder  cord . .  .  . 

Gruno  cord 

McDonald  nose 


Control 


+  ! 

+ 
+ 


+  + 

+ 


+  + 

+ 


+  + 

± 
+ 
+ 


+  + 

+  + 

+ 

+ 

+ 

+ 

+ 

± 

+ 

— 

± 

+ 

+ 

+  1 

+ 

+ 

+  + 

+  + 

± 

+ 

In  testing  the  agglutinating  power  we  used  emulsions  made  from  24  hour  sheep  serum  agar  slants  in 
normal  salt  solution.  We  used  hanging  drops,  with  the  slides  inverted  until  the  moment  of  e.Tamination,  to 
prevent  mistaking  mechanical  grouping  for  agglutination.  The  hanging  drops  were  usually  examined 
after  four  hours  and  marked  in  the  following  way:  —  =no  agglutination,  |=tracc,  ±  =  marked  trace 
+  r.   ockI  agglutination    +  l=vcrv  Rood  agglutination,  and  +  +  =complete  agglutination. 
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contacts  and  from  people  not  in  contact.  As  a  rule,  the  majority  of 
the  cultures  seem  to  agglutinate  as  well  as  the  culture  with  which  the 
animal  was  inoculated. 

We  saturated  the  best  horse  serum  with  its  own  culture,  with 
nasal  cultures  (a)  from  a  severe  meningitis  case,  (b)  from  a  contact,  (c) 
from  a  non-contact,  and  with  several  M.  catarrhalis  cultures.  After 
allowing  the  mixture  of  serum  and  culture  in  a  1:5  dilution  to  stand 

TABLE    7. 
Tests  of  the  Serum  of  Horse  277  after  Being  Inoculated  for  Four  Months  with  142  S,  a  Spinal 

Fluid  Culture. 


Cultures 


Gruno  cord.. 
Fielder  cord. 
142  S  cord. . 
XI-2  nose. . . 
33-2  nose. . . 
36-8  nose. . . 
W.    nose.... 


Serum 


Serum  Extracted  with 
XI-2,  a  Meningococcus 
Culture  from  the  Na- 
sal Mucus  of  a  Menin- 
gitis Patient 


Serum    Extracted    with 

a  M.  C.4TARRHALIS  CUL- 
TURE FROM  A  Meningitis 
Case 


+  ( 

-1- 

4-  t 

+ 

-I-  + 

± 

-I--I- 

\ 

-I--I- 

1 

-l--t- 

— 

-f- 

-1- 

These  sera  after  being  extracted  were  in  a  i :  5  dilution  filtered   through  a  Berkefeld  filter  and  the 
third  10  c.c.  used. 

for  three  hours,  we  filtered  through  a  Berkefeld  filter,  and  used  the 
third  10  c.c.  of  the  filtrate.  All  the  meningococcus-like  cultures 
seemed  to  remove  the  agglutinins  for  all  the  cultures,  while  the  M. 
catarrhahs  cultures  only  reduced  them  about  one-third.  The  con- 
trol filtration  of  the  serum  without  exhaustion  reduced  the  agglutinins 
about  as  much  as  did  the  M.  catarrhalis  cultures. 

TABLE   8. 
Tests  of  the  Serum  of  Horse  277  after  Being  Inocul.«ed  for  Four  Months  with  142  S,  a 

Spin.\l  Fluid  Culture. 


Cultures 

Serum  Unextracted 

Serum      Extracted 
with     a     Spinal 
Fluid  Culture 

Serum   Extracted   with  W.  n., 
A    Culture    from    a    Person 
Not  in   Contact  with    Men- 
ingitis 
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i:  10 
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1 :20 

1:40 
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The  sera,  after  being  extracted,  were  centrifuged  instead  of  filtered. 
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We  saturated  this  same  horse  serum  with  a  meningococcus  culture, 
with  a  M.  catarrhahs  culture,  and  with  "W.  n."  from  a  student,  a  non- 
contact  case.  Instead  of  filtering  we  centrifuged,  and  found  our 
results  somewhat  different.  The  meningococcus  culture  took  out  all 
the  agglutinins  for  the  meningitis  culture  and  not  for  the  others, 
while  the  M.catarrhalis  and  the  "W.  n."  left  in  over  half  the  agglutinins 
for  the  meningitis  cultures.  The  M.  catarrhalis  agglutinated  spon- 
taneously, but  the  non-contact  "W.  n."  took  out  all  of  its  own  agglu- 
tinins. 

pathogenicity. 

Weichselbaum,  in  1887,  with  his  original  cultures,  killed  white 
mice  with  an  intraperitoneal  or  intrathoracic  inoculation  of  5  c.c. 
of  a  broth  dilution  of  an  agar  culture  or  of  the  water  of  condensation- 
The  mice  died  in  36  to  48  hours,  and  the  meningococci  were  found  in 
the  cavity  inoculated  and  usually  in  the  blood.  Subcutaneous 
inoculations  were  without  resuh.  He  killed  guinea-pigs  by  inocu- 
lating them  in  the  thoracic  cavity;  but  the  cocci  were  not  found  in 
the  blood  or  spleen. 

Three  dogs  inoculated  subdurally  with  i  c.c.  and  1.5  c.c.  of  cul- 
ture dilution  died,  one  the  same  evening,  the  second  on  the  third  day, 
and  the  third  on  the  12th  day.  The  first  two  showed  a  small  amount 
of  fluid  blood  between  the  dura  and  brain.  There  was  a  small  area 
of  punctiform  hemorrhages  deeper  in  the  brain,  and  the  membranes 
were  markedly  injected.  Numerous  meningococci  were  found.  In 
the  third  dog,  between  the  dura  and  the  right  cerebral  hemisphere, 
there  was  thick  red  pus,  and  in  the  brain  a  hazel-nut  sized  abscess 
containing  yellow  pus.  Around  the  abscess  was  a  hemorrhagic  area. 
The  lateral  ventricles  contained  a  red  fluid  with  flakes  of  pus.  No 
meningococci  were  found. 

Albrecht  and  Ghon  inoculated  a  goat  in  the  spinal  canal.  The 
animal  developed  symptoms  of  meningitis  and  died  in  five  days. 
The  cord  showed  no  changes  and  meningococci  were  not  isolated. 

Our  animal  work  was  rather  irregular  in  its  results.  By  inoculat- 
ing mice  intraperitoneally  with  half  of  a  24  hour  ascitic  agar  culture  of 
either  the  cord  or  nose  strains,  we  caused  death  in  24  to  48  hours. 
There  was  marked  congestion  of  the  abdominal  viscera,  and  menin- 
gococci were  found  in  the  blood  and  peritoneal  exudate. 
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Rabbits  were  very  uncertain.  A  few  died  from  subdural  inocula- 
tion of  rather  large  doses,  but  there  were  no  typical  lesions,  and  none 
of  them  contained  meningococci  in  the  blood  or  exudate. 

With  small  puppies  we  obtained  about  the  same  results  as  Weich- 
selbaum.  When  given  a  dose  of  two  ascitic  agar  cultures  in  the  spinal 
canal,  the  dogs  usually  died  in  24-48  hours.  They  had  convulsions 
and  some  rigidity  of  the  neck.  On  autopsy  the  membranes  were 
much  injected  and  there  were  hemorrhagic  areas  in  the  cortex. 
Meningococci  were  found  in  these  areas,  in  the  fluid  under  the  dura, 
and  in  the  spinal  fluid.  As  controls  to  our  meningococcus  cultures, 
we  used  M.  catarrhalis  cultures  and  two  cultures  corresponding 
culturally  to  meningococci,  which  had  been  isolated  from  "the  nasal 
mucus  of  normal  medical  students.  The  dogs  inoculated  with  two 
ascitic  agar  cultures  of  M.  catarrhalis  did  not  die,  while  those  which 
received  the  cultures  from  the  students  died  in  24  hours,  and  gave 
the  same  autopsy  results  as  the  dogs  inoculated  with  meningococci. 

CONCLUSIONS. 

Meningococci  were  isolated  from  the  nasal  mucus  of  50  per  cent 
of  meningitis  patients  during  the  first  two  weeks  of  the  disease,  and 
from  about  10  per  cent  of  the  people  most  closely  in  contact  with 
them.     They  were  frequently  present  in  enormous  numbers. 

The  two  cultures  isolated  from  normal  students  were  like  menin- 
gococci culturally  and  in  their  pathogenicity,  but  did  not  have  the 
same  specific  agglutinins. 

The  finding  of  meningococci  in  great  numbers  in  the  nasal  mucus 
of  such  a  large  proportion  of  the  patients  and  of  those  caring  for  them, 
and  the  absence  of  meningococci  from  the  nasal  mucus  of  a  large 
number  of  normal  persons  examined,  would  strongly  indicate  the 
necessity  of  isolating  cases  of  epidemic  cerebro-spinal  meningitis,  at 
least  during  the  early  weeks  of  the  disease. 

We  wish  to  thank  Dr.  Park  for  his  constant  oversight  and  direc- 
tion of  our  work. 
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TEMPORARY    ALTERATION    OF    CHARACTER    OF    AN 
ORGANISM  BELONGING  TO  THE  COLON  GROUP. 

O  S  K  A  R    K  I,  O  T  Z, 
Late  Governor's  Fellow  in  Pathology,  McGill  University,  Montreal. 

In  the  spring  of  1904  I  was  given  the  opportunity,  through  the 
kindness  of  my  chief,  Professor  Adami,  to  study  an  organism  isolated 
by  him  from  the  water  of  the  St.  Lawrence  River.  The  results  of 
these  studies  were  published  in  the  Journal  of  Medical  Research,^ 
and  several  interesting  points  in  regard  to  the  interagglutination  of 
the  CoU-Typhoid  group  were  noted. 

However,  aside  from  the  agglutination  phenomenon,  a  peculiarity 
in  the  cultural  characteristics  was  also  observed.  The  microorgan- 
ism on  solid  media  resembled  very  much  the  appearance  of  colonies 
of  B.  coli.  Grown  on  broth  the  microbe  gave  a  stringv^  deposit, 
difficult  to  break  up  on  shaking,  and  becoming  more  string}'  on  longer 
incubation.  In  litmus  milk  there  was  a  primar}'  acidity  with  a  sub- 
sequent alkahne  reaction  of  the  medium,  but  no  coagulation  of  the 
milk  occurred.  Indol  was  produced  only  after  some  weeks'  incuba- 
tion in  Dunham's  broth;  and  of  the  sugar  broths,  gas  was  produced 
most  abundantly  in  the  glucose  medium.  As  was  noted  in  my 
publication,  the  organism  did  not  ferment  lactose  or  saccharose 
when  first  isolated  from  the  water,  but  did  so  after  it  had  remained 
on  the  medium  for  some  time.  The  saccharose  broth  was  found  to 
be  more  easily  decomposed  than  the  lactose,  the  latter  medium 
showing  only  a  very  little  gas  formation  after  several  days'  incubation. 

After  the  organism  had  been  cultivated  on  artificial  media  for 
some  months,  the  following  experiment  was  reported: 

A  lethal  dose  of  the  bacillus  was  inoculated  into  the  peritoneal  cavity  of  a  rabbit, 
and  after  its  death  (which  resulted  in  three  days),  cultures  were  again  obtained  from  it. 
The  appearance  of  the  organisms  and  the  cultural  characteristics  were  those  of  the 
bacilli  inoculated,  except  that  in  the  fermentation  tubes  there  was  a  slight  development 
of  gas  in  the  glucose  broth,  none  in  the  lactose  or  saccharose.  Transfers  were  made 
from  these  tubes  into  the  respective  sugar  broths,  that  is,  the  glucose  colony  was  trans- 
ferred to  glucose  broth,  the  lactose  colony  to  lactose  broth,  and  the  saccharose  colony 
to  the  saccharose  broth.     After  24  hours'  incubation  there  was  an  increased  amount 

'  Jour.  Med.  Res..  1904,  6.  p.  475. 
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of  fermentation  in  the  glucose  transfer,  but  still  none  in  the  lactose  or  saccharose. 
A  second  transfer  was  made,  similar  to  the  above,  and  now  at  the  end  of  another 
24  hours  the  glucose  and  saccharose  broths  were  both  fermented;  no  gas  appeared, 
however,  in  the  lactose.  In  both  the  glucose  and  saccharose  there  was  also  acid 
production.  In  the  lactose  broth  no  change  was  evident,  though  tljere  was  growth 
in  the  closed  arm  of  the  tube.  Four  days'  incubation  and  transfer  on  Idctose  broth 
gave  a  small  amount  of  gas  formation,  and  transfers  from  this  again  into  lactose  led 
to  its  fermentation  in  24  hours.  The  stock  culture  as  control  produced  gas  in  all 
these  sugar  broths  in  24  hours. 

This  feature  of  the  organism,  its  variability  in  the  power  to  break 
up  certain  sugars,  presented  two  very  interesting  problems.  First, 
are  we  justified  in  making  an  indefinite  number  of  varieties  of  B. 
coh,  depending  on  cultural  characteristics  which  may  be  modified 
artificially;  and  secondly,  in  isolating  from  water  an  organism  which 
in  the  first  transfers  does  not  ferment  one  or  more  definite  sugars, 
but  which,  after  remaining  on  artificial  media  for  some  time,  acquires 
the  property,  can  we  conclude  that  the  microorganism  has  recently 
had  an  animal  host  ? 

We  have  repeated  our  experiment  of  passing  our  microorganism, 
the  Bacillus  perturbans,  through  an  animal.  In  this  instance  we 
made  use  of  the  celloidin  capsules  as  devised  by  McCrae/  which  we 
filled  with  a  broth  culture  of  the  bacillus. 

In  the  table  it  will  be  noted  that  two  sets  of  transfers  were  carried 
forward,  the  one  in  which  the  parent  culture  was  kept  on  sugar- 
free  agar,  and  the  other  in  which  the  parent  stock  was  on  a  sugar 
medium  similar  to  the  transfer. 

The  sealed  capsule  was  inserted,  aseptically,  into  the  abdominal  cavity  of  a  rabbit 
on  September  19,  1904.  The  capsule  was  allowed  to  remain  in  the  rabbit  till  Febru- 
ary 10,  1905,  in  all  144  days.  The  capsule  was  then  again  obtained,  and  dropped 
for  a  moment  without  breaking  into  10  per  cent  carbolic  acid,  after  which  it  was 
placed  in  a  flask  of  broth  (without  breaking),  and  incubated  to  insure  against  the 
chance  of  contamination.  .'Ks  no  growth  resulted,  the  capsule  was  ruptured  and  the 
microorganism  was  allowed  to  grow  in  weak  broth  for  18  hours.  Transfers  were 
then  made  into  the  various  media,  including  sugar  broths.  The  organisms  resembled 
the  original  bacilli  of  the  capsule  in  all  the  media  except  the  sugars,  though  the  growth 
was  not  in  any  case  so  luxuriant  as  transfers  from  the  stock  culture. 

Transfers  were  made  from  and  into  the  respective  sugar  broths  daily.  The 
glucose  transfer  showed  a  very  slight  gas  formation  on  the  first  day,  and  this  increased 
from  day  to  day  for  several  days.  The  first  appearance  of  fermentation  appeared 
in  the  saccharose  on  the  fourth  flay,  when  it  was  only  slight,  and  slowly  increased 
with  succeeding  transfers.  However,  the  lactose  medium  olTered  the  greatest  difTiculty 
of  fermentation,  as  can  he  readily  a])i)r(riati(!  from  the  following  table. 
■/ottr.  Exp.  Med.,    iQot,  5.  p.  635. 
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Capsule 

I 

Broth 


Agar  '  Lactose  broth  (no  gas  formation  J 


I  •  I  I 

Agar  Lactose  broth  (no  gas  formation)  Lactose  broth  (no  gas  formation) 


Lactose  broth  (no  gas  formation)  Lactose  broth  (no  gas  formation) 


I  .  I 

Lactose  broth  (no  gas  formation)  Lactose  broth  (no  gas  formation)  . 


I  !  I 

Agar  Lactose  broth  (no  gas  formation)  Lactose  broth  (small  bubble  of  gas  after  72  hours) 


Agar  Lactose  broth  (no  gas  formation)  Lactose  broth  (small  amount  of  gas  in  24  hours) 


I  I  I 

Agar  Lactose  broth  (no  gas  formation)  Lactose  broth  (fair  quantity  of  gas  in  24  hours) 


I  I 

Agar     Lactose  broth  (small  bubble  of  gas  after  3  days) 


I  I 

Agar  Lactose  broth  (gas  in  24  hours) 

As  is  seen  in  the  above  table,  when  the  organism  was  transferred 
from  a  lactose  to  a  lactose  medium  it  regained  its  power  to  ferment 
lactose  more  rapidly  than  did  the  agar  colonies.  Having  once 
acquired  this  property,  the  bacillus  retained  the  lactose-splitting 
power  in  the  successive  transfers.  In  other  words,  the  microorganism, 
having  been  deprived  of  one  of  its  functions  of  altering  the  compo- 
sition of  certain  materials  by  forced  growth  or  environment,  may 
again  regain  this  function  if  it  remain  in  contact  with  the  material 
over  an  extended  period. 

Peckham^  has  given  us  the  most  complete  study  of  the  influence 
which  environment  exerts  on  the  characters  of  organisms,  especially 
of  the  colon  group.  In  some  cases  this  alteration  consisted  in  an 
excessive  activity  of  one  function,  in  others  the  opposite,  certain 
traits  of  the  bacillus  being  entirely  lost.  In  a  scries  of  cultural 
experiments,  she  was  able  to  force  B.  typhosus  to  produce  indol. 

Of  the  external  influences  which  can  be  brought  to  bear  on  bac- 
teria, alteration  of  the  quantity  or  quality  of  the  food  supply  plays 
the  most  important  role,  and  leads  to  modification  of  their  biological 
nature.  Thus  some  bacteria,  in  their  normal  metabolism,  if  we  may 
so  call  the  cell  activity,  secrete  enzymes  which  split  up  proteids; 

^Jour.  Exp.  Med.,  1897,  2,  p.  540. 
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others  secrete  ferments  acting  on  sugars.  The  colon  bacillus,  among 
others,  possesses  a  proteolytic  ferment,  whose  activity  we  estimate 
by  the  quantity  of  indol  produced  in  the  medium.  If,  however,  the 
colon  bacillus  be  grown  over  an  extended  time  in  river  w^ater,  its 
power  to  produce  indol  is  diminished  or  entirely  lost;  while  again, 
as  was  said  above,  if  a  non-indol  producing  organism,  such  as  the 
typhoid  bacillus,  be  grown  in  a  medium  containing  proteids  alone, 
it  acquires  the  property  of  producing  indol. 

Other  examples  of  the  influence  of  environment  on  bacteria  are 
well  known,  Jenner^  found  that  he  could  revert  B.  coli  capsulatus 
to  an  unencapsulated  form  by  cultural  methods.  The  new  variety 
then  possessed  characteristics  dissimilar  to  the  previous  capsulated 
form;  as  for  instance,  while  the  capsulated  bacillus  coagulated  milk, 
the  unencapsulated  stock  lost  this  power  when  placed  in  this  medium. 
A  more  remarkable  difference  was  noted  in  the  pathogenesis  of  these 
two  varieties,  for,  as  we  know,  B.  coH  capsulatus  is  very  pathogenic 
for  white  mice,  but  becomes  less  fatal  or  even  non-pathogenic  on  losing 
its  capsule. 

Experimenting  with  this  same  organism,  B.  coli  capsulatus,  Larulle^ 
reports  similar  results  of  transforming  his  "opaque"  variety  into 
the  "transparent,"  by  passing  the  former  through  animals. 

Other  examples  of  alteration  to  a  lesser  degree  in  the  characters 
of  bacteria  are  seen  in  the  everyday  cultures,  in  the  increase  or 
decrease  of  the  amount  of  acid  produced,  the  morphological  change 
which  organisms  undergo  when  inoculated  on  different  media,  and 
many  other  variations. 

In  a  paper  on  the  variabihty  of  bacteria  Adami^  discussed  the 
alterations  of  character  in  bacteria  due  to  environment,  which  give 
rise  to  different  races  of  microorganisms.  There  he  pointed  out  that 
two  kinds  of  variations  may  occur,  the  temporary  variation,  in  which 
the  microorganism  acquires  characters  that  are  lost  after  several 
transfers  have  been  made,  and  the  permanent  variation,  in  which  a 
new  function  or  change  is  impressed  on  a  microbe  and  remains  with 
it  in  all  future  cultures.  Of  the  latter  class  there  are  not  many,  for 
we  must  remember  that  what  we  call  permanent  is  but  a  relative 

■7oi(r.  Path,  and  Bacl.,  i8q8,  p.  257.  'La  Cellule,  i88g,  s,  p.  61. 

'Medical  Chronicle,  i8g2,  16,  p.  366. 
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term.  We  speak  of  the  characters  as  permanent  when,  after  weeks, 
months,  and  years,  no  change  is  noted  in  the  transfers  from  the  type 
of  the  parent  stock. 

That  at  least  temporary  modifications  can  be  brought  about  by 
such  simple  methods  of  cultivation  and  in  so  short  a  space  of  time 
seems  to  me  to  indicate  that  among  those  which  we  call  varieties  of 
B.  coli  there  are  some  which  owe  their  differentiating  cjualities  to 
a  prolonged  habitat  in  a  medium  differing  from  that  in  which  the 
parent  stock  has  had  its  growth,  and  that  through  subsequent  growth 
in  suitable  media  the  original  qualities  of  the  parent  stock  may  be 
acquired.  Our  culture  medium  is  at  best  a  poor  imitation  of  the 
natural  habitat  of  these  minute,  and,  I  might  say,  impressionable, 
living  bodies;  hence  we  can  conceive  that  investigators  may  obtain 
different  results  with  the  same  organism.  Thus  with  the  colon 
bacillus  it  would  seem  that  so  long  as  we  bring  forward  new  sugars 
to  ferment,  we  get  an  equal  number  of  new  varieties. 

Further,  when  organisms,  which  under  ordinary  conditions  pro- 
duce gas  in  sugar  media,  are  found  to  have  lost  this  quahty,  it  is  one 
of  the  alternatives  that  the  organism  has  been  a  parasite  in  the  animal 
body.  In  our  own  case  the  same  organism  was  also  isolated  from 
sewage  flowing  into  the  river,  and  the  reactions  of  this  strain  of  the 
microbe  on  media  were  the  same  as  described,  that  is,  it  was  primarily 
a  non-lactose  fermenter,  but  later  acquired  the  property  to  break  up 
this  sugar. 
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INTRODUCTION. 

In  a  paper  published  in  this  Journal  in  1904/  Jordan,  Russell, 
and  Zeit  detailed  an  extensive  series  of  experiments  on  the  longevity 
of  the  typhoid  bacillus  in  water,  in  which  simultaneous,  though 
independent,  tests  were  made  on  this  organism  as  exposed  to  the 
waters  of  Lake  Michigan,  the  Chicago  River,  the  Chicago  Drainage 
Canal,  and  the  Illinois  River.  The  methods  used  in  this  study  and 
the  results  obtained  were  so  different  from  those  which  have  pre- 
viously been  reported  that  it  seems  desirable  to  test  this  question 
further,  employing  waters  of  different  origin. 

The  attempt  was  made  in  all  of  this  work  to  approximate,  as 
closely  as  possible,  the  conditions  that  exist  in  nature,  and,  for  this 
reason,  a  marked  change  in  technique  was  instituted.  Heretofore, 
it  has  been  customary  for  experiments  on  the  longevity  of  bacteria  to 
be  made  in  glass  containers,  filled  with  sterile  or  raw  waters.  The 
conclusions  based  on  work  under  these  conditions  have  been  shown 
to  be  erroneous,  and  in  the  work  previously  referred  to,  the  method 
was  adopted  of  exposing  the  typhoid  organism  in  permeable  sacs 
(celloidin  and  vegetable  parchment),  filled  with  the  type  of  water  in 
which  the  sacs  were  suspended.  If,  then,  any  variation  occurred  in 
the  composition  of  the  stream  in  which  the  sacs  were  exposed,  the 
influence  of  such  variation,  if  of  any  effect,  should  be  felt  on  the 
imprisoned  cultures  within  the  sac. 

The  results  obtained  in  the  experiments  conducted  on  the  Chicago 
Drainage  Canal  and  other  waters  showed  a  marked  variation  in  the 
vitality  of  B.  typhosus.  In  the  relatively  pure  waters  of  Lake  Mich- 
igan, this  organism  could  be  recovered  readily  from  the  infected  sacs, 
for  a  period  of  at  least  a  week,  while  in  the  highly  polluted  waters  of 

■  Jour.  Infect.  Dis.,  1904,  i,  p.  641. 
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the  Chicago  River  and  the  Drainage  Canal,  the  longevity  of  the 
same  strain,  exposed  in  a  similar  way,  was  reduced  to  two  days. 
These  results  were  obtained  with  uniform  regularity  by  all  three 
observers,  working  independently,  but  employing  the  same  general 
methods.  The  conclusions  then  drawn  were  of  a  tentative  character, 
and  it  was  deemed  advisable  to  carry  on  further  work.  The  studies 
here  reported  follow,  in  general,  similar  lines,  using  waters  of  different 
origin,  under  as  widely  diverse  conditions  as  possible. 

Special  attention  has  also  been  given  to  the  development  of  tech- 
nical methods  other  than  those  previously  used,  so  as  to  broaden,  as 
far  as  possible,  the  basis  upon  which  conclusions  were  to  be  made. 
Inasmuch  as  most  of  the  technical  methods  used  in  the  experiments 
here  described  are  practically  the  same  as  those  previously  reported 
in  the  foregoing  paper,  it  will  not  be  necessary  to  repeat  them  in  this 
connection.  Only  those  modifications  that  further  experience  has 
demonstrated  to  be  valuable,  and  the  new  methods  that  have  been 
developed  are  here  referred  to. 

These  experiments  have  been  made  in  the  Wisconsin  State 
Hygienic  Laboratory  at  the  University  of  Wisconsin.  In  part  of  the 
preliminary  work  much  assistance  was  received  from  Mr.  G.  J. 
Marquette,  then  assistant  in  this  laboratory.  The  waters  used  in 
these  tests  were  from  Lake  Mendota,  a  spring-fed  inland  lake,  of 
about  25  square  miles  extent,  the  waters  of  which  may  be  regarded 
as  fairly  typical  of  those  of  a  surface  character.  The  sewage-infected 
waters  were  produced  by  adding  to  the  lake  water  a  given  quantity 
of  fresh  liquid  and  solid  human  excreta. 

METHOD    of   exposing   THE   TYPHOID    BACILLUS. 

In  these  experiments  the  exposure  of  the  typhoid  bacilli  was  made 
in  the  laboratory,  rather  than  in  the  lake  itself,  the  water,  however, 
being  piped  for  only  a  short  distance.  To  place  the  infected  sacs 
under  conditions  convenient  for  sampling  and  where  they  would  not 
be  subjected  to  the  action  of  the  weather,  which  was  more  or  less 
troublesome  in  the  Chicago  series,  the  sacs  containing  the  waters 
infected  with  the  typhoid  bacilli  were  placed  in  large  tubulated 
glass  receptacles,  holding  from  two  to  three  gallons,  through  which 
there  was  allowed  to  flow  continuously  a  stream  of  water  or  sewage. 
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Reference  to  accompanying  figure  will  indicate  the  arrangement  of 
this  device. 


The  sacs  were  immersed  in  the  flowing  stream  so  that  the  level  of  liquid  in  same 
was  slightly  below  that  of  the  water  outside,  thus  maintaining  a  slight  pressure  toward 
the  inside. 

When  exposed  to  the  action  of  the  lake  water,  the  connection  was  made  directly 
with  the  tap  supplying  this  kind  of  water.  To  expose  the  sacs  to  the  influence  of 
sewage-infected  waters,  the  device  as  shown  in  the  cut  was  used.  The  sewage  mixture 
was  made  up  in  a  large  reservoir  placed  in  the  attic,  and  from  this  was  discharged 
through  a  pipe  into  a  safety  bottle.  A,  which  regulated  the  flow  into  the  reservoir 
below,  B.  The  sacs,  C,  were  held  in  position  by  clamj)ing  a  rubber-faced  clamp  to 
a  glass  neck,  which  was  sealed  on  to  each  kind  of  sac.  The  rate  of  flow  was  about 
six  gallons  per  hour  in  the  case  of  sewage,  and  a  considerably  higher  rate  for  the  lake 
water. 
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In  the  previous  experiments,  permeable  sacs  of  celloidin  and 
vegetable  parchment  were  employed.  In  the  work  here  recorded, 
another  method  has  been  devised,  that  of  agar  membranes.  Some 
modifications  of  the  previous  methods  have  also  been  adopted. 

1.  Celloidin  sacs. — The  celloidin  sacs  employed  have  all  been 
made  by  the  extremely  simple  method  of  Frost,'  in  which  the  cel- 
loidin solution  is  poured  on  the  inside  of  the  test  tube  and  the  film, 
after  it  has  been  air-dried  for  the  proper  time,  shrunk  from  the  glass 
wall  by  means  of  water.  By  means  of  this  method,  sacs  of  practically 
any  size  can  be  made  in  a  few  minutes.  These  celloidin  tubes  were 
usually  made  to  hold  about  50  c.c.  of  water.  They  were  held  in 
position  by  inserting  a  glass  neck  of  approximately  the  same  bore  as 
the  sac,  tying  this  on  tightly  with  a  soft-fibered  thread,  and  coating 
the  same  with  a  layer  of  celloidin,  allowing  it  to  air  dry.  The  sacs 
are  filled  with,  as  well  as  immersed  in,  water  during  the  process  of 
sterilization,  which  is  done  in  an  Arnold. 

2.  Parchment  sacs. — In  the  former  work  sections  of  parchment 
tubing  were  used,  such  as  is  employed  in  dialysis  work,  but  it  is 
frequently  difficult  to  secure  tubing  that  is  perfectly  sound  and  free 
from  minute  holes.  In  this  work,  we  have  employed  the  parchment 
diffusion  shells  made  by  Schleicher  and  Schiill.  These  hold  approxi- 
mately 50  c.c.  and  are  in  the  form  of  a  tube  closed  at  one  end.  Into 
the  open,  free  end,  a  glass  neck  is  fastened  by  means  of  sealing  wax. 
The  shells  themselves  are  sterilized  in  streaming  steam  for  an  hour 
and  a  half,  then  allowed  to  dry  under  cover  from  the  air.  The  glass 
necks  can  be  sterilized  chemically.  The  two  parts  can  be  quickly 
assembled  in  a  sterile  condition. 

3.  Agar  membrane  sacs. — The  first  introduction  of  agar  for 
dialyzing  purposes  in  bacteriological  studies  was  made  by  Frost, ^ 
who  used  rectangular  blocks  about  one-half  inch  square  and  an 
inch  and  a  half  long.  These  were  made  of  plain  agar  and  were 
inoculated  by  means  of  a  stab  in  the  center.  The  upper  part  of  the 
stab  was  sealed  off  by  dropping  on  melted  agar,  or  smearing  the  upper 
surface  of  the  block  with  a  hot  iron.  Our  first  studies  with  agar  were 
made  with  blocks  of  a  similar  character,  but  it  was  found  that  the 
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layer  of  agar  was  too  thick  to  permit  rapid  and  complete  dialysis.  In 
some  cases  the  typhoid  organism,  inoculated  as  a  stab  culture,  died 
in  a  short  time,  while  in  other  cases  it  persisted  for  a  long  period 
(several  weeks). 

The  attempt  was  then  made  to  use  an  agar  film  instead  of  the 
thicker  block.  It  is  necessary  to  have  some  mechanical  framework 
to  support  the  thin,  delicate  film  of  agar,  and  for  this  purpose  cellulose 
diffusion  shells,  such  as  are  used  in  chemical  manipulations,  have  been 
found  very  serviceable.  These  are  of  the  same  size  as  the  parchment 
shells  previously  referred  to  (38  by  85  mm.).  After  they  have  been 
sterilized  in  steam^and  allowed  to  dry,  sterile  glass  necks  of  the  same 
bore  are  inserted  into  the  shells  and  fastened  by  means  of  sealing 
wax.  The  shell  is  then  ready  to  receive  its  agar  coating.  Care  is 
taken  in  the  preparation  of  the  agar  to  remove  from  it  as  much 
organic  matter  as  possible.  This  is  done  by  soaking  the  thread  agar 
in  distilled  water  for  some  hours,  changing  the  water  several  times. 
A  2  per  cent  solution  is  then  made.  Tests  made  as  to  the  nutritive 
properties  of  this  agar  showed  that  it  would  not  support  bacterial 
growth.  Occasionally  molds  will  make  a  sparse  growth  on  the 
medium  when  left  exposed  to  the  air  for  some  time.  In  coating  the 
shells  with  the  agar  film,  the  material  should  be  used  in  as  hot  a 
condition  as  it  can  be  handled,  so  as  to  impregnate  thoroughly  the 
pores  of  the  cellulose  filter.  It  is  advisable  to  pour  some  of  the  hot 
agar  on  the  inside  of  the  sac,  rotating  the  sac  quite  rapidly,  as  in 
a  roll  culture,  so  as  to  distribute  the  material  uniformly.  The 
porous  cellulose  wall  absorbs  the  liquid  rapidly.  After  a  little 
experience,  one  learns  the  requisite  quantity  of  medium  to  employ 
in  order  to  give  a  uniform  and  sufficient  coating,  and  not  have  an 
excess.  It  is  advisable  to  have  the  coating  made  at  a  single  immer- 
sion, as  the  film  is  more  homogeneous  than  where  several  applica- 
tions are  made. 

When  the  inside  coating  has  been  properly  applied,  the  sac  is 
then  dipped  into  the  liquid  agar  and  rotated  so  as  to  coat  the  outside 
of  the  sac  also  with  a  uniform  layer.  If  the  inside  of  the  sac  has 
not  been  coated  in  such  a  way  as  to  exclude  the  air  entangled  in  the 
cellulose  meshwork,  air  vesicles  will  develop  in  the  outer  agar  coat 
after  a  time  and  the  integrity  of  the  sac  will  be  destroyed.     Care 
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should  be  taken  in  this  coating  process  to  prevent  infection  of  the 
sac,  as  it  is  of  course  impossible  to  sterilize  the  sacs  after  they  are 
once  made. 

These  agar  films  are  not  as  durable  as  celloidin  or  parchment,  but 
their  integrity  will  be  maintained  unimpaired  for  about  two  weeks, 
or  even  longer,  depending  upon  the  nature  of  the  liquid  in  which 
they  are  immersed.  In  water  they  retain  their  germ-tight  properties 
longer  than  they  do  in  sewage.  In  liquids  very  rich  in  bacteria,  such 
as  sewage,  cytolytic  enzymes  are  undoubtedly  produced  by  certain 
types  of  organisms,  thus  softening  the  cellulose  matrix  and  causing 
the  sac  to  disintegrate. 

While  these  agar  membranes  possess  no  point  of  superiority  over 
the  parchment  or  celloidin  membranes  formerly  used,  it  is  of  impor- 
tance to  broaden  the  technical  methods  just  as  much  as  possible,  and 
thereby  determine  if  there  are  any  essential  variations  in  the  results 
obtained  which  are  due  to  the  nature  of  the  methods  employed. 

Permeability  0}  different  types  of  sacs  used. — We  have  intro- 
duced into  this  study  the  use  of  a  new  type  of  permeable  membrane, 
the  agar  film,  and  as  no  records  have  been  reported  on  the  question 
of  relative  permeability,  so  far  as  we  know,  it  has  been  deemed 
advisable  to  incorporate  here  some  of  the  results  obtained  in  the 
study  of  these  different  types  of  sacs.  The  sacs  used  in  this  experi- 
ment are  intended  to  hold  in  captivity  the  typhoid  organism,  and 
still  at  the  same  time  subject  this  germ  to  the  influence  of  diffusible 
substances  that  may  be  in  the  enveloping  medium  without. 

In  testing  the  permeability  of  these  membranes,  we  have  used 
simple,well-known  substances  that  could  be  determined  quantitatively, 
and  have  made  no  attempt  to  study  the  diffusibility  of  such  materials 
as  might  possess  an  inhibitory  effect  on  the  imprisoned  typhoid 
organism. 

a)  Tests  with  chlorides. — Experiments  were  first  made  with  sodium  chloride. 
Sacs  were  filled  vnth.  distilled  water  and  immersed  in  tap  water,  to  which  enough  salt 
had  been  added  to  make  the  chlorine  test  93  parts  per  million.  Tests  for  chlorine 
were  made  on  the  contents  of  the  immersed  sacs  at  intervals  of  i,  i,  6,  12,  and  24  hours. 
The  results  of  these  determinations  are  expressed  in  Table  i. 

From  the  results  herein  shown  it  appears  that  a  condition  of  nearly  perfect  equili- 
brium was  established  in  all  three  sacs  within  a  comparatively  short  time.  The 
diffusion  of  the  chlorides  was  somewhat  more  rapid  in  the  agar  and  celloidin  sacs 
than  in  the  parchment,  but  within  24  hours'  time,  where  no  artificial  currents  were 
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TABLE    1. 

Chlorinf.  (Parts  per  Million)  Found  in  Permeable  Sacs  after  Varying  Period  of  Immersion 
IN  Salt  Solution  (93  Parts  per  1,000.000). 


i  hour. 
I  . " 
6  Hours 

12       " 

24     " 


Agar 


Parchment 


Celloidin 


6 
76 
84 
86 


used  either  within  or  without  the  sac  to  facihtate  diffusion,  from  81  to  92  per  cent  of 
the  chlorine  passed  through  the  membranes  of  the  sacs.  In  Fig.  2  are  shown  the 
data  presented  in  the  above  table,  expressed  on  a  percentage  basis  of  the  total  strength 
of  the  solution. 


100% 


Ge>j.4i."-^' 


u 

Hra. 
Fig.  2. ^Relative  permeability  of  different  kinds  of  sacs  to  NaCl  solutions 

b)  Tests  with  sugars. — In  addition  to  the  chlorides,  tests  were  also  made  in  the 
same  way  with  sugar.  Sacs  filled  with  tap  water  were  immersed  in  tap  water  con- 
taining 1.75  grms.  of  saccharose  per  100  c.c.  Quantitative  determinations  were  made 
at  i,  I,  6,  12,  and  24  hour  intervals  with  the  following  results: 

TABLE  2. 

Sdgar  (in  Grams  per  100  c.c.)  Found  in  Permeable  Sacs  after  Varying  Period  of  Imsiersion  in 

Solution  Containing  1.75  Grams  per  100  c.c.  Water. 


i  hour. 

1     " 

6  hours 
12     " 
24     " 


.Agar 


•03675 
■  0630 
■30475 
.6650 
.1375 


Parchment 


0.02625 
0.052s 
o. 22225 
0.4270 
1.0115 


Celloidin 


0.2047s 
o . 3850 
1.26525 
I .4805 
1.592s 
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These  data,  which  are  shown  in  graphical  form  in  Fig.  3,  seem  to  indicate  that  the 
celloidin  type  is  much  more  permeable  to  sugar  solutions  than  either  agar  or  parch- 
ment. The  rate  of  diffusion  was  not  quite  so  rapid  in  this  series  as  in  the  salt  series, 
except  in  the  case  of  the  celloidin  type. 
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Fic;   3. — Relative  permeability  of  different  kinds  of  sacs  to  sugar  solutions. 

c)  Tests  with  peptone. — Further  tests  ^\■ere  made  with  peptone  solutions  in  order 
to  test  the  permeability  of  the  sacs  to  diffusible  proteids.  Sacs  were  filled  with  tap 
water  and  immersed  in  the  same  type  of  water,  containing  i  per  cent  peptone.  In 
these  tests,  a  qualitative  determination  only  was  made.  The  contents  of  the  sacs 
were  tested  for  peptone  by  means  of  the  biuret  reaction  at  intervals  of  five  minutes, 
until  a  positive  reaction  was  obtained.  The  celloidin  sac  gave  a  positive  reaction  in 
25  minutes,  while  the  agar  and  the  parchment  required  35  minutes.  The  intensity 
of  the  reaction  increased  markedly  in  all  cases  after  an  hour's  exposure. 

It  would  appear  from  these  tests,  where  various  chemical  sub- 
stances of  a  widely  different  nature  were  employed,  that  the  permea- 
bility of  these  different  membranes  was  pronounced.  On  the  whole, 
the  results  indicate  that  celloidin  is  the  best  membrane  to  employ,  but 
this  type  is  well  supplemented  by  the  addition  of  agar  and  parch- 
ment. Further  corroborative  evidence  on  the  matter  of  permeabil- 
ity may  also  be  presented  in  results  that  were  noted  in  the  actual 
prosecution  of  the  work. 

Growth  0}  bacteria  in  sacs  immersed  in  nutrient  solutions. — If  sacs 
of  this  character  are  sufficiently  permeable  to  permit  food  sub- 
stances in  solution  to  pass  the  limiting  membrane,  it  ought   to  be 
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possible  to  obtain  growth  of  typhoid  and  water  bacteria  in  sacs 
fiUel  with  water  and  immersed  in  Hquids  containing  available  or- 
ganic matter. 

To  test  this  point  more  specifically,  a  special  experiment  was 
instituted.  Six  celloidin  sacs  were  prepared  and  filled  as  follows: 
Two  with  sterilized  tap  water  and  the  remaining  four  with  raw  tap 
water.  The  two  sacs  filled  with  sterilized  water  and  two  filled  with 
raw  tap  water  were  inoculated  with  the  same  strength  of  typhoid 
suspension;  the  two  remaining  raw- water  sacs  were  not  infected 
with  typhoid.  These  sacs  were  divided  into  two  sets  of  three  each. 
One  set  was  immersed  in  running  raw  water,  the  other  placed  in 
sterile  water  containing  0.2  per  cent  peptone  solution. 

The  results  obtained  in  this  experiment  showed  a  most  marked 
difference  in  the  two  sets  of  sacs,  the  peptone  and  the  water  series. 
In  all  three  sacs  of  the  peptone  series  a  very  marked  growth  was 
observed,  both  in  the  case  of  water  bacteria  originally  present  in  the 
raw  water,  and  the  inoculated  typhoid.  The  germ  content  of  the 
control  sac  filled  with  raw  water  rose  from  a  32  colony  count  on 
plain  agar  on  the  first  day,  to  12,000,000  in  the  course  of  three  days, 
and  in  18  days  had  reached  40,000,000  bacteria  per  c.c.  The  sac 
filled  with  sterile  water  and  infected  with  typhoid  (16,000  per  c.c.) 
underwent  even  a  more  pronounced  growth  than  this.  On  the  fourth 
day  it  contained  137,000,000  typhoid  bacilH  per  c.c.  From  this  high 
point  the  germ  content  gradually  decHned,  but  in  18  days  there  were 
still  over  6,000,000  colonies  per  c.c,  and  the  purity  of  the  culture 
demonstrated  the  integrity  of  the  sac.  The  course  of  changes  fol- 
lowed by  the  sac  containing  the  mixed  flora  (water  bacteria+B.  ty- 
phosus) underwent  the  same  general  change.  On  the  i8th  day 
45,000,000  organisms  per  c.c.  were  demonstrable,  and  B.  typhosus 
had  been  recovered  in  abundance  on  each  intermediate  day  the 
test  had  been  appHed. 

The  course  of  changes  noted  in  the  water  sacs  was  entirely  dif- 
ferent. The  content  of  these  sacs  and  the  dosage  was  identical  with 
the  series  immersed  in  the  peptone  solution.  The  only  difference  in 
this  case  was  that  the  sacs  were  immersed  in  flowing  tap  water. 
The  sac  filled  with  raw  water  showed  no  growth  on  Drigalski-Con- 
radi   medium,  and  less  than  50  bacteria    per   c.c.  on    plain   agar. 
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Cultures  were  made  for  a  period  of  six  days,  but  no  essential  altera- 
tion in  germ  content  was  observed.  The  sac  filled  with  sterile  water 
and  inoculated  with  B.  typhosus  (25,000  per  c.c.)  showed  no  in- 
crease. On  the  sixth  day  of  the  experiment  it  contained  17,000 
organisms  per  c.c,  apparently  a  pure  culture  (17  colonies  picked 
all  proved  to  be  positive  typhoids). 

Accidentally  the  membrane  was  perforated  on  the  seventh  day, 
but  for  the  period  of  observation  reported  no  marked  change  had 
occurred  in  the  germ  content  of  the  sac.  The  sac  filled  with  raw 
water  and  infected  with  30,000  B.  typhosus  fell  to  3,000  on  the 
third  day.  On  the  fifth  day  B.  typhosus  was  recovered,  but  on  the 
sixth  day  none  could  be  found  in  culture  plates  containing  about 
100  colonies  per  c.c. 

The  results  of  this  series  are  wholly  consistent,  and  show  that  both 
water  bacteria  and  B,  typhosus  are  capable  of  multiplying  exten- 
sively in  raw  waters,  as  well  as  sterile,  where  such  waters  are  exposed 
in  permeable  sacs  in  liquids  containing  available  food  material  in 
solution. 

This  experiment  conclusively  demonstrates  the  permeability  of 
the  sacs  to  such  solutions,  and  would  seem  to  show  beyond  all  rea- 
sonable doubt  that  if  bacteria  die  rapidly  when  imprisoned  in 
such  permeable  cages,  they  do  not  succumb  because  of  the  inability 
of  food  substances  in  outside  enveloping  liquid  to  pass  the  limiting 
membranes  of  these  sacs. 

In  addition  to  this  carefully  controlled  experiment  with  peptone 
solutions,  observations  were  made  in  the  course  of  the  experiments 
later  detailed,  which  also  throw  light  on  this  point.  In  series  VIII 
a  sac  filled  with  raw  water,  but  inoculated  with  typhoid,  was 
immersed  in  a  bath  of  flowing  sewage.  In  Table  16  is  shown  the 
bacterial  content  of  this  sac  on  various  days.  A  phenomenal 
development  of  the  water  bacteria  occurred  in  this  case,  as  in  the 
peptone  solution,  showing  that  sewage  also  contains  suflicient 
good  material,  which  was  able  to  permeate  the  celloidin  memibrane 
to  give  the  water  bacteria  in  raw  water  a  favorable  environment  for 
rapid  growth. 

These  results,  taken  in  connection  with  the  specific  tests  made  as 
to  permeability,  would  seem  to  indicate  that  the  methods  employed 
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permitted  diffusion  to  occur  with  sufficient  rapidity  so  that  the  con- 
ditions approximated  those  that  prevail  in  a  flowing  stream. 

Germ-proo}  qualities  of  sacs. — In  using  sacs  of  a  permeable 
character,  it  is  of  the  utmost  importance  that  they  should  be  rela- 
tively germ  tight.  The  celloidin  sac  has  been  tested  for  so  long  a 
period  of  time  that  there  is  no  longer  any  question  as  to  the  tight- 
ness of  sacs  of  this  type,  but  concerning  the  use  of  parchment  and 
agar,  this  question  may  well  be  raised.  In  our  earlier  experiments, 
the  attempt  was  made  to  rely  on  parchment  tubing,  such  as  is  used 
in  dialysis  work,  but  we  have  been  much  troubled  to  get  satisfactory 
tubing  of  this  character.  The  process  of  making  the  cellulose  fiber 
into  vegetable  parchment  seems  to  destroy  the  pliability  of  the 
material,  so  that  it  cracks  more  readily  upon  bending.  In  this  way 
minute  breaks  or  punctures  are  often  to  be  noted.  Since  the  adop- 
tion of  the  parchment  diffusion  shells,  no  trouble  of  this  character 
has  occurred. 

The  agar  sacs  are,  of  course,  relatively  fragile  so  far  as  the  film 
is  concerned,  and  the  filter-paper  matrix  on  which  the  agar  is  spread 
is  not  as  permanent  as  parchment.  When  immersed  in  liquids  rich 
in  bacterial  life,  such  as  sewage,  the  cytolytic  enzymes  cause  the. 
disintegration  of  the  cellulose  fibers,  this  occurring  more  rapidly  in 
the  filter  paper  than  with  the  parchment  sac.  In  purer  types  of 
waters  this  rotting  does  not  occur  so  readily.  We  have  rarely  had 
any  trouble  with  sacs  of  this  character,  if  the  experiment  did  not 
exceed  two  weeks'  time. 

When  the  sacs  are  allowed  to  remain  in  dilute  sewage,  or  even  in 
water  after  a  considerable  lapse  of  time  (lo  days  or  more),  a  some- 
what slimy  growth  is  formed,  as  is  also  the  case  on  the  inner  face  of 
the  glass  receptacle.  This  is  easily  removed  by  brushing  the  sacs 
occasionally  with  a  carpel's  hair  brush. 

Experiments  were  made  with  the  special  object  of  testing  the 
integrity  of  these  types  oi  sacs.  Sterile  sacs  were  filled  with  steri- 
lized water  and  immersed  in  either  water  or  sewage.  The  result  of 
such  tests,  even  where  continued  for  a  week  or  more,  showed  no 
passage  of  bacteria  through  the  sac  membrane.' 

■  Johnson  (Eng.  Rec.  Sept.  23,  IQ05.  ;ilso  Jour.  Nnv  Eng.  Waler  Works  Assoc...  IQ05.  10.  p.  508) 
has  queslioni-d  the  inti-Krity  of  sacs  of  this  character,  hut  the  experimental  data  given  by  this  writer  are 
too  meager  to  jxrmit  of  any  weight  being  altaihed  lo  his  conclusions. 
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In  some  of  the  actual  tests  performed  in  these  studies  (see  Series 
VII  and  VIII),  it  was  possible  to  throw  light  on  the  matter  of  tight- 
ness of  the  sacs.  Sacs  filled  with  lake  water  and  inoculated  with 
typhoid  were  immersed  in  sewage.  Drigalski-Conradi  plates  were 
made  at  daily  intervals.  If  any  leakage  had  occurred,  it  would 
have  immediately  manifested  itself  by  the  appearance  of  acid  colonies 
on  this  medium,  as,  of  course,  the  colon  type  was  abundant  in  the 
dilute  sewage  outside  of  the  sac.  In  most  of  the  sacs  no  evidence  of 
any  leakage  occurred.  In  one  or  two  of  them  slight  evidence  of 
leakage  was  discovered  in  the  course  of  13  to  14  days.  We  are,  how- 
ever, of  the  opinion  that  any  one  of  these  three  methods  may  be 
relied  upon  to  maintain  readily  a  germ-tight,  and  yet  permeable, 
membrane,  if  any  degree  of  care  is  used  in  selection  and  manipulation 
of  the  sacs. 

CULTURES    EMPLOYED. 

In  order  that  this  work  might  be  directly  compared  with  that  of 
the  previous  year,  one  of  the  same  typhoid  strains  that  was  employed 
in  the  Chicago  Drainage  Canal  work  has  been  used  throughout  all  of 
these  experiments.  This  culture,  strain  "Y,"  was  isolated  October  i, 
1903,  under  Professor  Jordan's  direction,  from  the  urine  of  a  typhoid 
patient.  The  case  was  typical  in  its  symptoms,  and  the  blood  of  the 
patient  gave  a  positive  agglutination  test  on  the  tenth  day. 

METHOD  OF  RECOVERY  OF  TYPHOID  BACILLUS  FROM  SACS. 

Where  the  typhoid  organism  is  in  direct  contact  with  water  or 
sewage  forms,  it  is  advisable  to  employ  some  of  the  special  methods 
that  have  been  devised  for  the  differential  cultivation  of  this  organ- 
ism. For  this  purpose  we  have  employed  throughout  this  work, 
the  Drigalski-Conradi  medium,'  modified  somewhat  by  the  omis- 
sion of  nutrose.  By  filtering  the  mixture  before  adding  the  litmus 
solution,  the  fiocculent  precipitate  is   much  reduced. 

The  use  of  a  culture  medium  like  the  D.-C.  medium  is  of  great 
value  in  inhibiting  bacterial  growth  which  would  otherwise  obscure 
the  typhoid  organism.  While  the  addition  of  the  crystal  violet  does 
not  completely  inhibit  water  bacteria,  it  reduces  materially  the  germ 
content,  as  is  shown  from  the  following  data,  where  cultures  were 
made  on  plain  nutrient  agar  and  on  the  D.-C.  medium. 

'  Ztschr.  j.  Hyg.,  1902,  39,  p.  282. 
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TABLE   3. 
Relative  Germ  Content  of  Water  Sacs  on  Agar  and  on  Drigalski-Conradi  Medium. 


Date 

Amount 
Used 

Medium  Employed 

Sac  I 

Sac  2 

Sac  3 

Sac  4 

1904 
December  15 

December  16 

December  17 

I  c.c. 

Plain  agar 
D.-C.  medium 
Plain  agar 
D.-C.  medium 
Plain  agar 
D.-C.  medium 

6,500 
7SO 

6,soo 
560 

S.900 

1.150 

3.900 
410 

1.050 
300 

4,100 

4.300 

730 

ISO 
I.S30 

137 
1.450 

490 

1,620 
350 

1,150 
17s 

6,500 
ISO 

RAPID    IDENTIFICATION    OF   TYPHOID   ORGANISM. 

In  determining  whether  any  organism  isolated  from  the  plate 
cultures  is  true  typhoid  or  not,  it  has  generally  been  customary  to 
test  the  presumptive  organisms  by  first  passing  them  through  dex- 
trose agar  shake  cultures,  or  stabs.  From  this,  if  no  gas  was  pro- 
duced, transfers  were  made  into  litmus  milk  and  gelatin,  and  tests 
for  indol  were  made.  To  differentiate  it  from  B.  alkaligenes,  which 
develops  no  acid  in  litmus  dextrose  broth,  cultures  were  made  in  this 
medium.  If  the  organism  in  question  stood  all  these  culture  tests  sat- 
isfactorily for  typhoid,  it  was  then  finally  tested  for  agglutination 
with  a  highly  potent  typhoid-immune  serum.  Such  a  procedure  as  this 
involves  a  large  number  of  transfers.  In  the  course  of  these  studies, 
a  modification  of  the  above  method  was  made,  which  is  as  follows: 

The  Drigalski-Conradi  plate  cultures  were  carefully  studied  to  pick  out  the  pre- 
sumptive typhoid  colonies.  This  was  not  always  easy  to  do,  as  there  are  many  organ- 
isms occurring  in  sewage,  or  even  in  water,  that  are  capable  of  development  in  this 
crystal  violet  medium,  and  which  retain  the  blue  color.  Many  of  these  can,  of  course, 
be  easily  rejected,  as  they  are  too  luxuriant  in  their  growth,  being  thick  and  opaque. 
But,  not  infrequently,  types  of  colonies  of  a  thin,  semi-transparent  blue  cast  have 
appeared,  that  more  or  less  closely  resembled  the  true  typhoid.  In  picking  out  the 
presumptive  typhoids,  it  is  advisable  to  have  on  hand,  for  purposes  of  comparison, 
several  culture  plates  made  from  a  pure  typhoid  strain. 

A  more  rapid  method  of  identification  was  devised  as  follows:  The  presumptive 
typhoid-like  colonies  were  fished  and  subcultured  directly  into  litmus  dextrose  agar, 
by  making  a  combination  streak  and  stab  culture.  In  this  medium  the  typhoid,  of 
course,  formed  acid,  but  no  gas,  and  was  thus  easily  differentiated  from  Petrusch- 
ky's  B.  fecalis  alkaligenes,  which  remained  blue,  not  only  in  lactose  but  in  glucose 
litmus  media.  Organisms  of  the  colon  type  would  naturally  acidify  dextrose  agar, 
but  these  are  excluded  on  the  D.-C.  culture  plates.  If,  perchance,  colon  types  should 
be  transferred,  their  presence  would  be  manifest  by  the  copious  gas  production. 

Following  the  litmus  glucose  test,  all  non-gas-producing  acid  forms  were  then 
subjected  directly  to  the  macroscopic  agglutination  test  with  typhoid  immune  sera. 
If  the  isolated  cultures  stood  these  two  tests,  they  were  considered  positive  typhoids. 
Upon  the  completion  of  these  tests,  a  number  of  cultures  from  each  scries  were 
selected    at   random    and    subcultured   on    all  Ihc  usual  media,  as  gelatin,  milk,  and 
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glucose-free  broth  for  indol,  so  as  to  check  still  further  the  culture  characteristics  of 
the  supposed  typhoid  cultures. 

Our  experience  with  this  short  method  of  identification  leads  us 
to  recommend  its  use  over  the  longer  method.  We  have  found  no 
organism  in  normal  waters  that  is  liable  to  be  confused  with  the 
typhoid,  where  reliance  is  placed  on  these  tests.  In  sewage,  how- 
ever, there  is  a  blue  type  of  organism  that  appears  in  24  to  48  hours  on 
Drigalski-Conradi  plates,  and  which,  therefore,  might  be  trans- 
ferred to  the  litmus  dextrose  cultures,  on  which  it  forms  acid.  This 
type  has  invariably  failed  to  be  agglutinated  with  typhoid-immune  sera. 
Later,  if  one  studies  the  original  plate  cultures,  after  a  more  prolonged 
period  of  incubation,  he  finds  that  these  colonies  are  faintly  acid. 
Evidently  they  are  able  to  produce  acid  very  slowly  on  lactose  media. 

OUTLINE    OF   EXPERIMENTS    MADE. 

In  order  to  present  a  general  summary  of  the  work  done  in  this 
series  of  studies,  a  synoptical  table  is  presented  below,  in  which  the 
varying  conditions,  as  to  manner  of  exposure,  dosage,  temperature, 
etc.,  are  shown. 


Synopsip 

TABLE   4. 
OF  Different  Sf.ries  of  F,xperiments  Made 

■     No.  of 
Series 

No. 
Sacs 
Used 

Kind  of 
Sacs 

Approximate 

Typhoid  Dosage 

per  c.c. 

Nature  of 

Liquid  in 

Sac 

Nature  of     ,    Range 
Liquid  in     |  in  Tem- 
Outside      1  perature 
Container        (°  C.) 

I 

2 
2 

AgV 
Celloidin 

1 10,000-200,000 
110,000-200,000 

Lake  water 

Lake  water  ]    10-14 

"         "       i    10-14 

H 

< 

II 

Agar 
Celloidin 

25,000 
85,000 

::    !! 

"         " 

9-12 
9-12 

< 

III 

Celloidin 

Parchment 

150,000 
120,000-150,000 

"    " 

::    :: 

15-18 
15-18 

IV 

Celloidin 
Gla.ss 

2,275,000 
1,706,000 

.1..:. 

21-23 
21-23 

w 
0 

t  ■■ 

w 

V 

Parchment 

CeDoidin 

Agar 

1,500,000 
5,000,000 
10,000,000 

Sewage 

Sewage 

21-29 
21-20 
21-29 

VI 

Parchment 
Celloidin 

4,350,000 
5,800,000 

"' 

" 

22-25 
22-25 

VII 

2 
2 
2 

Celloidin 

Parchment 

Agar 

190,000-300,000 

Lake  water 

Sewagf 

15-10 
15-19 

2     ■ 

M 
0 

VIII 

2 
I 

Celloidin 
Parchment 

2,275,000 
1,706,000' 

"         " 

" 

22-25 
22-25 

IX 

I 
I 

Celloidin 
Parchment 

100,000 
200,000 

::    :: 

"                22-25 

"                         22-25 

Sew'  ge  ( 

IN        . 

Water/ 

x 

I 

Parchment 

4,350,000 

Sewage 

Lake  water 

21-23 
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PART  I. 

BACILLUS    TYPHOSUS    EXPOSED   TO    LAKE   MENDOTA    WATER. 

Series  I.  Agar  and  celloidiu  sacs  filled  with  lake  water  and  immersed  in  lake  water. — 
This  series  was  started  on  December  5,  1904.  Two  agar  sacs  and  two  celloidin  sacs 
were  filled  with  raw  lake  water,  and  each  sac  inoculated  with  two  large  loopfuls  of  a 
24  hour  culture  of  the  "  Y"  strain  of  the  typhoid  bacillus.  These  cultures  were  exposed 
continuously  to  the  action  of  flowing  lake  water  from  the  above  date  until  December  22, 
making  a  period  of  17  days  in  all. 

The  temperature  of  the  water  as  it  reached  the  exposed  cultures  was  about  12°  C. 
Quantitative  plate  cultures  were  made  on  the  D.-C.  medium  throughout  the  whole 
experiment,  in  order  to  note  the  relative  rate  of  decline  of  bacteria  within  the  sacs. 
In  the  beginning  three  plates  were  made  daily  from  each  sac,  using  ^,  \,  and  i  c.c. 
of  the  infected  water,  respectively.  From  this  set  of  plates  a  very  fair  average  could 
be  determined,  and  the  accuracy  of  the  work  thus  checked  by  the  quantitative  findings 
with  different  dilutions.  As  the  work  progressed  and  the  colony  count  per  c.c.  fell 
from  the  high  initial  number  to  lower  limits,  the  quantity  used  in  each  seeding  was 
materially  increased.  Under  such  conditions  it  is  highly  improbable  that  typhoid 
organisms  were  overlooked,  where  all  typhoid-like  colonies  were  removed  and  tested. 

The  quantitative  findings  of  this  series  are  presented  in  Table  5,  from  which  it 
is  apparent  that  the  high  initial  content  (which  was,  of  course,  largely  composed  of 
typhoid  organisms  at  the  beginning)  underwent  a  rapid  and  continuous  decline  from 
the  beginning  to  the  seventh  day.  By  this  time  the  average  number  of  organisms  in 
the  four  different  sacs  had  fallen  from  the  initial  seeding  of  147,700  per  c.c.  to  2,170 
per  c.c.  From  this  period  to  the  end  of  the  experiment,  the  number  of  organisms  per 
c.c.  remained  very  small,  ranging  at  most  from  a  thousand  or  so  to  a  few  hundred. 

T.\RLE    s. 
Number  Bacteria  per  c.c.  in  Typhoid-Infected  Sacs  after  Exposure  to  Flowing  Lake  Water. 


Date  of  Test  after  Infection 


Temperature 


Sac  I 
.^gar 


Sac  2 
Agar 


Sac  3 
Celloidin 


Sac  4 
Celloidin 


4  hours 
2d  day 
3d  " 
4th  " 
Sth  " 
6th  " 
7th  " 
8th  " 
9th  " 
roth  " 
mh  '• 
i2th    " 


130,000 

34,800 

41,000 

20,500 

16,000 

13.750 

2.350 

1,260 

1,720 

750 

560 

1,150 


111,800 

43.000 

45.500 

33.000 

28,600 

22,250 

000 

500 

360 

410 

300 

500 


203,000 
152,000 

lOQ.OOO 
58,500 

4Q,ooo 

30,750 
2.40s 
1,520 
280 
150 
135 
490 


146,000 
99.250 

Q0,000 

62,500 

46,250 

33.250 

3.3IS 

1,180 

430 

3.50 

1^5 
130 


This  comparative  decline  is  also  .shown  graphically  in  Y\g.  4. 

The  maj-kcd  diminution  in  numbers  noted  in  the  above  table  is  unquestionably 
due  to  the  rapid  destruction  of  the  typhoid  bacilli  inoculated  into  the  raw  water  with 
which  the  sac  was  filled.  The  initial  germ  content  of  this  water  before  inoculation 
with  typhoid  ranged  from  500  to  i  ,000  bacteria  per  c.c.  but  unfjueslionably  some  increase 
in  water  bacteria  would  occur  even  in  these  permeable  sacs.  As  the  D.-C.  medium 
was  used  throughout  all  these  tests,  these  water  bacteria  would  be  largely  prevented 
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from  development,  so  that  the  apparent    diminution    doubtless    registers  the  decline 
in  typhoid  content. 


Fig.  4. 

To  check  these  quantitative  results,  extensive  tests  were  also  made  to  determine 
the  longevity  of  the  inoculated  typhoid  organisms  by  removing  pure  cultures  from  the 
Drigalski  plates  each  day,  and  subculturing  them. 

The  results  of  these  qualitative  tests  are  presented  in  Table  6,  in  which  are  given 
the  number  of  organisms  fished  from  the  plates  and  also  the  number  proven  to  be 
typhoid  upon  the  basis  of  the  agglutination  test  and  subcultures.  There  was  no 
difficulty  in  recognizing  the  typhoid  organism  in  the  plates  during  the  earlier  part  of 
the  series,  as  they  were  crowded  with  colonies  of  a  similar  character,  and  it  was  unneces- 
sary to  fish  a  large  number.  As  the  inoculated  typhoid  organism  gradually  died  out, 
the  colony  appearance  on  the  plates  became  more  diverse,  and  the  number  of  pre- 
sumptive typhoid  colonies  was  greatly  diminished. 

The  results  obtained  in  this  series  of  tests  are  certainly  very 
striking.  A  large  proportion  of  the  genuine  typhoid  colonies  were 
found  among  those  fished  on  the  earlier  days  of  the  series.  In  the 
case  of  the  agar  sacs,  as  late  as  the  seventh  day,  a  majority  of  all 
fished  colonies  proved  to  be  typhoid,  while  in  the  celloidin  sac,  this 
persistence  was  very  marked,  until  a  day  later  (eighth  day).     After 
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TABLE   6. 
Longevity  of  B.  typhosus  in  Agar  and  Celloidin  Sacs  in  Lake  Mendota  Water 


Sac  I 
(Agar) 

Sac  2 
(Agar) 

Sac  3 
(Celloidin) 

Sac  4 
(Celloidin) 

Totals 

Xo. 

Col. 

Fished 

< 

No. 
Typh. 

Col. 
Found 

No. 

Col. 

Fished 

No. 

Typh. 

Col. 

Found 

No. 

Col. 

Fished 

No. 
Tvph. 

Col. 
Found 

No. 

Col. 

Fished 

No. 
Typh. 

Col. 
Found 

No. 

Col. 

Fished 

No. 
Tvph. 

Col. 
Found 

3 
8 
10 
II 

5 
9 
10 
3 

2 
I 
2 
6 

I 

^ 

4 

9 

9 

10 

10 

10 

8 

4 

2 

I 

2 

4 
9 

s 

4 

8 
8 

5 

I 

2 
0 

8 
II 
8 
10 
7 
4 
2 
5 

3 

'6 

2 

4 
9 

5     ■ 
6 
9 
8 
12 
6 
2 
5 

7 

4 

s 

4 
6 
8 

7 
8 
6 

I 
I 

13 

35 
32 
38 
32 
37 
37 
17 

8 
12 

2 
16 

3 

6 

2d    day 

3d      "   

4th     "   

Sth     "  

6th     "  

7th     "   

Sth     "   

oth     "   

loth     "   

ijth     "   

i2th     "   

13th     "   

17th     "   

7 
9 

4 

I 
5 
4 

I 

8 
8 
9 
8 
9 
7 
3 

20 
29 
23 
25 
29 
24 
II 

71 

34 

69 

47 

75 

54 

73 

50 

288 

186 

these  (iates  a  very  pronounced  diminution  in  typhoid  colonies  appears. 
Scattering  colonies  were  found  in  the  agar  sacs  on  the  eighth  day, 
but  none  later,  and  in  one  of  the  celloidin  sacs  a  similar  condition  was 
observed  on  the  9th  and  loth  days,  but  none  could  be  found  sub- 
sequently. The  appearance  of  the  culture  plates  in  the  earlier. and 
later  periods  of  this  series  showed  a  marked  difference  in  colony 
aspect.  In  the  first  week  the  plates  were  studded  with  apparently 
typically  typhoid  colonies,  which  upon  subculture  proved  to  be 
genuine  typhoid  by  the  different  culture  tests  and  the  agglutination 
reaction.  After  this  period  (8  or  10  days),  the  aspect  of  the  colonies 
appearing  on  the  culture  medium  was  of  an  entirely  different  char- 
acter, and  only  rarely  did  any  forms  appear  that  could  be  suspected 
of  typhoid  relationships.  In  no  case,  however,  did  any  of  these 
organisms  prove  to  be  typhoid. 

Series  II.  Agar  and  celloidin  sacs  filled  with  lake  'cater  and  immersed  in  lake 
water. — This  series,  which  was  run  prior  to  that  just  described  above,  is  not  as  satis- 
factor)',  in  that  the  data  acquired  are  not  nearly  as  complete  as  they  should  be,  but 
it  is  presented  as  furnishing  evidence  of  the  action  of  lake  waters  under  winter  conditions. 
The  series  consists  of  two  sacs,  one  agar  and  one  celloidin,  both  of  which  were  filled 
with  raw  lake  water  and  inoculated  with  a  typhoid  dosage  of  25,000  and  85,000  typhoid 
bacilli  per  c.c,  respectively.  The  sacs  were  then  immersed,  as  before,  in  flowing 
lake  water,  having  a  range  in  temperature  from  o°  to  1 2°  C.  The  data  as  to  the  presence 
of  the  inoculated  typhoid  bacilli  are  presented  in  Tabic  7. 
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TABLE    -. 

IX)X<'.EVITY   OF    B.   TYPHOSUS   IN  AGAR   AND    CeLI.OIDIK   SaCS   IN   I.AKE   MeNDOTA    WaTER. 


Temp. 
"C. 

Sac  5  (Agar) 

Sac  6  (Celloidin) 

Totals 

No.  Col. 
Fished 

No.  Typh. 

Col. 

Found 

No.  Col. 
Fished 

No.  Typh. 
Col. 

Found 

No.  Col. 
Fished 

No.  Typh. 

Col. 

Found 

14 

12 
12 
14 

7 
6 
II 
4 

4 
0 
4 
0 

10 
2 

9 

S 

2 
0 

I 
0 

'I 
20 

6 

6     "     

8     "     

5 

28 

8 

26 

3 

54                 II 

While  the  number  of  colonies  removed  in  this  case  was  not  large, 
yet  the  same  general  result  was  obtained  as  before.  It  was  readily 
observable  on  the  plates  made  the  third  day  after  seeding  that  the 
number  of  typhoid  colonies  had  undergone  a  marked  reduction. 
While  a  daily  study  of  this  series  was  not  made,  yet  the  results,  as 
far  as  they  go,  confirm  in  general  the  conclusion  of  the  preceding 
series.  A  marked  reduction  in  total  colony  count  was  observable 
after  the  third  day.  The  last  time  typhoid  was  found  was  on  the 
eighth  day. 

TABLE   8. 
Longevity  of  B.  typhosus  in  Parchment  and  CELLorom  Sacs  in  Lake  Mendota  Water. 


Sac  No.  7  (Parch.) 


No.  Col. 
Fished 


No.  Typh. 

Col. 

Found 


Sac  No.  8  (Parch.) 


No.  Col. 
Fished 


No.  Typh. 

Col. 

Found 


Sac  0  (Cell.) 


No.  Col.  !  No.  Typh. 
Fished        pCol.^ 


Totals — All  Sacs 


No.  Col.   ^""ZF^- 


I  hour. 

1  day. . 

2  days. 
3 


58 


167 


38 


Series  III.  Parchment  and  celloidin  sacs  filed  -with  lake  water  and  immersed  in 
lake  water. — Another  series  in  lake  water  was  begun  on  May  2,  1905,  in  which  the 
same  general  arrangement  as  before  was  followed.  One  celloidin  and  two  parchment 
sacs  were  immersed  in  lake  water,  after  being  filled  with  lake  water,  which  at  this 
time  contained  140  bacteria  per  c.c.  The  seeding  of  typhoid  in  this  case  ranged  from 
120,000  to  150,000  bacteria  per  c.c.  Determinations  made  of  the  germ  content  of  the 
lake  water  during  the  progress  of  the  experiment,  which  lasted  from  May  2  to  May  17, 
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showed  at  all  limes  less  than  400  bacteria  per  c.c.  The  temperature  under  these 
summer  conditions  ranged  from  15°  to  18°  C,  and  was  materially  higher  than  in  the  two 
preceding  series.     The  results  of  this  test  are  shown  in  Table  8. 

Here  again  there  is  practical  unanimity  as  to  the  results  obtained 
in  the  parchment  and  celloidin  sacs.  Typhoid  colonies  were  detected 
in  all  three  sacs  on  the  sixth  day  and  in  one  sac  as  late  as  the  eighth 
day,  although  only  one  colony  was  found.  Cultures  were  continued 
for  a  period  of  17  days,  but  no  typhoid  colonies  were  recovered  after 
the  period  mentioned.  In  this  series  the  typhoid  type  could  be 
differentiated  on  the  culture  plates  with  a  greater  degree  of  accuracy 
than  in  the  preceding  Series  I.  An  attempt  was  made  to  estimate, 
only  approximately,  of  course,  the  number  of  typhoid  colonies  that 
developed  on  the  various  plates.  These  data  cannot  be  relied  upon 
implicitly,  because  one  cannot  be  absolutely  sure  as  to  whether  a 
colony  is  typhoid  or  not,  where  reliance  is  placed  on  the  culture- 
plate  appearance.  But  the  plates  were  held  in  the  ice  box  until 
after  the  first  picking  had  been  run  through  the  necessary  differ- 
ential tests,  so  that  the  differentiation  was  more  accurate  than  it 
othenvise  would  have  been.  The  following  records  give  the  approxi- 
mate number  of  typhoid  colonies  on  the  various  plates  for  the  different 
days  of  exposure. 


Date 

Days  of 
Exposure 

Character  of  Culture  Plates 

May    2 

May    3 

0 

I 
2 
3 

4 
6 

8 
10 

13 
17 

Typhoid  type  greatly  predominating 

Total  colonies  much  diminished,  about  8,000  typhoids  per  c.c. 

May    s 

May    6 

May    8 

other  scattering  colonies.     Both  other  plates  contained  a 
few 
Several  score  typhoids  on  plate  i .  20-30  each  on  plates  2  and  3 

were  proven  to  be  genuine  typhoid.     Only  sporadic  colonies 
on  plates  of  other  sacs 

except  the  single  colony  isf)lated  from  parchment  sac 

300-500  colonies  per  plate,  but  all  negative  typhoid 

1  c.c.    cultures.     D.-C.    plates    nearly    .sterile.     Lactose  agar 
about  150-200  colonics  per  c.c. 

Thus,  from  an  ocular  inspection  of  the  culture  plates,  as  well  as 
from  the  completed  study  of  the  isolated  cultures,  death  is  to  be 
noted,  in  the  course  of  a  few  days,  of  the  hundreds  of  thousands  of 
typhoid  bacilli  introduced  into  the  lake  water  at  the  beginning.  The 
great  majority  of  these  organisms  disappeared  in  the  course  of  a 
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few  days  (three  or  four),  and  after  the  lapse  of  six  days,  they  could 
only  be  found  in  sporadic  cases. 

^Series  IV.  Celloidin  sac  and  glass  tube  filled  with  lake  water,  and  immersed  in 
lake  water. — This  series,  run  from  August  15—24,  1905,  included  a  celloidin  sac  and 
a  glass  tube  of  similar  size.  The  dosage  of  the  two  containers  was  quite  heavy,  2,275,- 
000  and  1,706,000  typhoid  bacilli  per  c.c.  respectively.  The  temperature  ranged 
from  21°  to  23°  C.  during  the  work. 

TABLE  9. 
Longevity  of  B.  typhosus  in  Celloidin  Sac  and  Glass  Container  in  I^ake  Mendota  Water. 


Sac  10  (Celloidin) 


No.  Col. 
Fished 


No.  Proven 
Typhoid 


Sac  11 

(Glass  Container) 


No.  Col. 
Fished 


No.  Proven 
Typhoid 


Totals 


No  Col. 
Fished 


No.  Proven 
Typhoid 


1  hour 

2  days 
4     " 

6  " 

7  " 

8  " 
10     " 

13  " 

14  " 


263 


In  this  series  in  the  permeable  sac,  the  inoculated  typhoid  was 
found  as  late  as  the  loth  day,  while  in  the  glass  container,  immersed 
in  the  reservoir  so  as  to  maintain  exactly  the  same  temperature,  it 
persisted  until  the  13th  day.  This  result  is  in  accord  with  data 
previously  collected,  where  experiments  have  been  carried  on  in  glass 
receptacles,  in  which  case  it  is  generally  found  that  the  longevity 
of  the  typhoid  organism  is  materially  prolonged.  For  this  reason, 
the  earlier  work  on  this  question  of  longevity  cannot  be  regarded  as 
conforming  to  conditions  that  obtain  in  nature. 

synopsis     of    experiments     WITH      TYPHOID     BACILLI    EXPOSED     TO 
NORMAL   LAKE   WATER. 

In  the  foregoing  series  (I-IV)  there  is,  on  the  whole,  a  striking 
agreement  as  to  the  length  of  time  that  the  typhoid  organism  could 
be  detected.  In  two  respects  considerable  variation  was  to  be 
observed  in  these  series,  viz.,  temperature  of  exposure  and  dosage, 
but  the  longevity  of  the  introduced  organism  ranged  through  a 
comparatively  narrow  period  of  time  (8-10  days).  Two  of  these 
series  were  carried  out  in  the  winter,  one  in  the  spring,  and  another 
in  the  summer,  when  the  average  temperature  of  the  water  ranged 
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from  21°  to  23°  C.  In  Series  III,  which  was  made  in  May,  the  organ- 
ism persisted  for  the  minimum  period  of  time,  and  it  was  thought 
possible  that  this  might  be  ascribed  to  the  higher  temperature;  but 
in  Series  IV,  where  the  temperature  was  still  higher,  B.  typhosus 
persisted  for  the  usual  period  (8-10  days).  In  this  case,  though, 
the  typhoid  dosage  was  high,  as  the  sacs  were  inoculated  with  approxi- 
mately 2,000,000  organisms  per  ex.,  a  number  much  larger  than 
usual. 

In  Table  10  is  presented  a  summary  of  the  results  obtained  in  all 
these  series,  and,  for  purposes  of  comparison,  the  data  collected  last 
year  by  Professor  Zeit  in  the  work  on  Lake  Michigan  are  also  incor- 
porated. 

TABLE    10. 
SuiiiLARY  OF  Experiments  on  Longevity  of  B.  typhosus  Exposed  to  Surface  Waters  (Lake 
Mendota  and  Lake  Michigan). 


LAKI 

MENDOTA. 

6 

Days 

.0  w 

6  > 

Kind  of  Sac 

'A 

u 

< 

C/3 

H  0  £ 

0 

+ 
+ 
+ 

I 

2 

+ 
+ 
+ 

3 

+ 
+ 
+ 

4 

+ 
+ 

+ 

S 

+ 
+ 

6 

+ 
+ 

7 

+ 
+ 

8 

+ 
+ 

9 

0 
0 

0 
0 

II 
0 

12 
0 

13 

0 
0 

14 

15 

r6 

17 

0 
0 

I 

I 
2 
3 

Celloidin 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+  1 

+  1 

0 

0 

288 
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II 

S 
6 

+ 

+ 

+ 

0 

Celloidin 

+ 

0 

+  1 

0 

54 

II 

TTI 

Parchment. . . . 

7 

+ 

0 

+ 

+ 

+ 

+ 

+  1 

0 

0 

0 

0 

0 

" 

8 

+ 

+ 

+ 

0 

+ 

+ 

0 

0 

0 

0 

0 

Celloidin 

9 

+ 

+ 

+ 

+ 

0 

+  1 

0 

0 

0 

0 

0 

167 

38 

VT 

Celloidin 

10 

+ 

+ 

+ 

0 

0 

+ 

+ 

0 

0 

Glass 

11 

+ 

+ 

+ 

0 

+ 

+ 

+ 

+ 

0 

213 

63 

LAKE   MICHIGAN    (ZEIT). 

Parchment 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

0 

+ 

+ 

+ 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 

0 
0 

0 

0 

0 

Celloidui 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

0 

0 

+  means  that  typhoid  was  found  more  or  less  abundantly,  o  indicates  complete  disappearance  of 
typhoid;  + 1,  where  figure  "i "  follows  the  plus  sign,  signifies  that  the  positive  typhoid  findings  were 
reduced  to  a  single  colony. 

Comparing  these  two  types  of  surface  waters,  one  from  an  inland 
lake  of  moderate  dimensions,  the  other  from  a  very  much  larger 
water  reservoir,  it  appears  that  the  results  of  these  two  sets  of  experi- 
ments are  not  greatly  different.  In  Professor  Zeit's  work,  the  aver- 
age period  of  longevity  was  about  seven  days,  while  in  our  studies  it 
has  ranged  from  8  to  10  days.     Still,  by  far  the  most  of  the  typhoid 
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organisms  disappear  before  the  end  of  a  week.  It  is,  however, 
necessary  to  set  the  Hmit  at  complete  disappearance,  although  it  has 
been  generally  noticed  that  there  are  often  a  few  seemingly  more 
resistant  individual  germs  that  persist  for  an  appreciably  longer 
time  than  the  average. 
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PART  II. 

BACILLUS     TYPHOSUS     EXPOSED     TO     DIRECT     INFLUENCE     OF     FRESH 

SEWAGE. 

Having  determined  the  relation  of  the  typhoid  organism  to  such 
natural  surface  waters  as  those  of  Lake  Mendota,  in  which  the  nor- 
mal bacterial  content  is  relatively  low,  we  next  directed  our  attention 
to  the  question  of  the  longevity  of  this  organism  when  exposed  to 
the  influence  of  liquids  rich  in  germ  life  and  their  products  of  growth. 
The  previous  work'  on  the  waters  of  the  Chicago  Drainage  Canal 
had  indicated  that  the  typhoid  bacillus  was  unable  to  survive  in 
highly  polluted  waters  for  as  long  a  period  of  time  as  when  exposed 
to  a  purer  type  of  surface  waters.  This  conclusion  was  made  in  a 
tentative  way,  but  the  importance  of  it  in  sanitary  work  is  such  that 
further  study  is  desirable. 

The  purpose  of  the  following  series  was  to  repeat  this  work  on 
sewage  in  order  to  test  the  validity  of  the  tentative  conclusion  pre- 
viously drawn.  For  this  purpose  sacs  were  filled  with  fresh  sewage, 
inoculated  heavily  with  the  same  strain  of  the  typhoid  bacillus  pre- 
viously used,  then  immersed  in  a  reservoir  through  which  a  stream 
of  fresh  sewage  was  allowed  to  flow. 

Series  V.  Parchment,  celloidin,  and  agar  sacs  filled  with  sewage  and  immersed 
in  flowing  fresh  sewage. — Under  the  conditions  of  this  series,  the  typhoid  bacillus  was 
exposed  to  the  direct  influence  of  the  sewage  organisms  themselves,  as  well  as  their 
by-products  of  growth.  In  canning  out  these  experiments,  it  was  necessary  to  use 
a  much  wider  range  of  dilutions  in  making  the  cultures,  in  order  to  give  the  introduced 
bacillus  most  favorable  opportunities  for  development.  The  typhoid  dosage  used 
was  naturally  much  larger  than  that  employed  in  the  preceding  cases.  As  was  cus- 
tomary with  the  plate  cultures  made  in  the  previous  series,  all  plates  were  saved  after 
they  had  been  subjected  to  the  usual  examination,  and  all  presumptive  typhoid  colonies 
marked  and  subcultured.  The  plates  were  then  allowed  to  develop  further,  and 
after  the  discontinuance  of  sampling,  the  entire  series,  as  a  whole,  was  subjected'  to 
a  comparative  study,  and  the  second  crop  of  typhoid-like  colonies  removed.  By 
subjecting  the  plate  cultures  to  this  comparative  study,  it  is  believed  that  it  was  possible 
to  locate  all  typhoid  organisms  that  developed  on  the  plates. 

In  this  series,  three  sacs  (one  each  of  celloidin,  agar,  and  parchment),  were  filled 
with  sewage  and  then  immersed  in  flowing  sewage.  These  sacs  received  respectively 
1,500,000,  5,000,000,  and  10,000,000  bacteria  from  a  24  hour  culture  of  the  "  Y"  strain. 

Another  celloidin  sac,  filled  with  sewage  of  the  same  composition,  but  not  inocu- 
lated with  typhoid,  served  as  a  control  to  study  the  course  of  the  bacterial  changes 
in  the  sewage  itself. 

'Jour.  In/ec.  Dis.,  IQ04,  i,  p.  641. 
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The  sewage  solution  was  made  by  mixing  fresh  human  excreta  (liquid  as  well  as 
solid)  with  lake  water  and  holding  the  mixture  in  a  reservoir  containing  about  35 
gallons.  This  reservoir  was  filled  from  time  to  time  to  maintain  a  continuous  flow. 
As  judged  by  appearance  and  odor,  the  sewage  was  fairly  strong.  Chlorine  deter- 
minations were  made  at  intervals,  but  naturally  there  was  considerable  fluctuation 
depending  upon  the  introduction  of  the  urine.  At  the  beginning  of  the  experiment 
the  sewage  contained  244  parts  of  chlorine  per  million,  while  at  the  end  there  were 
340  parts.  The  chlorine  content  was,  however,  lower  than  this  during  the  progress 
of  the  experiment. 

The  following  observations  were  made  on  the  germ  content  of  the  sewage  in  the 
outside  reservoir  and  within  the  control  non-typhoid-infected  sac. 

TABLE   II. 
Bacterial  Content  per  c.c.  of  Sewage. 


Days  of 
Exposure 


Outside  Flowing  Stream 


Lactose  Agar 


Diigalski-Conradi 
Medium 


Inside  of 
Control  Sac 


Lactose  .Agar 


July  13 

July  15 

July  17 

July  26 


7,875,000 


3,500,000 

250,000 

5,185,000 

7,100,000 


10,500,000 
6,350,000 
5,150,000 


In  all  cases  an  abundance  of  acid  colonies  on  the  D.-C.  medium  indicated  the 
presence  of  sewage  types.  The  temperature  of  the  flowing  liquid  ranged  from 
21°  to  29°  C,  with  an  average  for  the  whole  period  of  24.8°  C. 

Results  obtained  in  series  V. — The  examinations  made  on  this 
series  were  begun  on  July  13  and  continued  on  most  of  the  sacs  till 
July  27,  covering  a  period  of  14  days.  At  this  time  the  character 
of  the  culture  plates  indicated  that  the  typhoid  type  had  entirely 
disappeared,  and  from  previous  experience  it  was  deemed  inadvis- 
able to  continue  sampling  longer.  The  results  of  this  series  are 
briefly  summarized  in  Table  12,  in  which  are  given,  for  the  respec- 
tive days,  (i)  the  total  number  of  colonies  picked,  (2)  the  number 
which  were  regarded  as  presumptive  typhoids  on  the  basis  of  the 
litmus  glucose  agar  test,  and  (3)  the  number  of  proven  or  verified 
typhoid  colonies  as  determined  by  the  agglutination  and  the  differ- 
ential culture  tests. 

The  results  obtained  in  all  three  sacs,  including  parchment,  agar, 
and  celloidin  types,  are  in  striking  agreement  with  each  other.  In 
the  three  different  kinds  of  permeable  sacs  employed,  the  results 
were  identical.  The  last  typhoid  organism  was  found  in  each  sac  on 
the  fifth  day  of  exposure,  but  it  is  noteworthy  that  a  marked  decline 
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TABLE    12. 
Longevity  or  B.  typhosus  Exposed  in  Perme.able  Sacs  Filled  with  Sewage  and  Immersed  in 

Flowing   Sewage. 


Sac 

12  (Agar) 

SAC13 

(Parchment) 

S.4C 

14  (Cell.) 

Totals  Diff. 

Days 

Days 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No 

Col. 

Prcs. 

Prov  'n 

Col. 

Pres. 

Prov  'n 

Col. 

Pres. 

Prov  'n 

Col. 

Pres. 

Prov'n 

Fished 

Typh. 
Found 

Ty- 
phoid 

Fished 

Typh. 
Found 

Ty- 
phoid 

Fi.shed 

Typh. 

'I'y- 

phoid 

Fished 

Typh. 

Ty- 
phoid 

o 

19 

10 

6 

19 

10 

6 

I 

13 

- 

3 

36 

29 

28 

19 

7 

6 

68 

39 

37 

16 

9 

9 

10 

7 

6 
2 

6 
2 

II 
10 

3 

4 

3 

I 

37 
17 

18 
6 

18 

3 

3 

27 
24 

9 

I 

I 

I 

20 
36 

5 
I 

I 

I 

26 
27 

6 

2 

I 
2 

73 
87 

20 
4 

3 

S 

4 

6 

17 

7 

2 
2 

0 
0 

8 
17 

I 

0 

0 
0 

17 
8 

0 
0 

0 
0 

42 
32 

3 

2 

0 

7 

0 

8 

10 
5 

0 
0 

0 
0 

6 
2 

0 
0 

0 
0 

10 

I 

0 
0 

0 
0 

26 
8 

0 
0 

0 

0 

138 

36 

20 

142 

44 

38 

I2g 

22 

13 

409 

102 

71 

set  in  considerably  earlier.  After  24  hours'  exposure,  of  the  39  pre- 
sumptive colonies  removed  from  the  D.-C.  plates,  37  proved  to  be 
genuine  typhoid.  This  percentage  was  maintained  in  equal  ratio  on 
the  second  day,  but  after  this  date  fell  rapidly,  so  that  from  the  third 
to  the  fifth  day  of  exposure,  there  could  be  found  on  cultures  from 
each  sac  only  one  or  two  colonies  that  proved  to  be  B.  typhosus.  After 
this  date,  108  more  colonies  were  taken  off,  but  nearly  all  were  elimi- 
nated by  the  litmus  glucose  test,  and  all  proved  negative  typhoid  on 
the  appHcation  of  the  agglutination  test. 

TABLE   13. 
Longevity  of  B.  typhosus  Exposed  to  the  Direct  Action  of  Sewage  Bacteria. 


Sac  i 

5  (Parchment) 

Sac  I 

6  (Celloidin) 

Totals 

Days 

No.  Col. 

Col. 
Fished 

No. 
Pres. 
Typh. 

No. 
Proven 
Typh. 

No. 

Col. 

Fished 

No. 
Pres. 
Typh. 

No. 
Proven 
Typh. 

■No. 

Col. 

Fished 

No. 
Pres. 
Typh. 

No. 
Proven 
Typh. 

16 

3 

38 

22 

15 

7 

7 

3 

3 

3 

I 

16 
3 
IS 
10 
0 
0 
0 
0 
0 
0 
0 

16 
3 
IS 
10 
0 
0 
0 
0 
0 
0 
0 

so 

26 

20 

8 

13 

6 

2 

S 

4 

7 

7 
3 
2 
0 
0 
0 
0 
0 
0 
0 

7 
3 
2 
0 
3 
0 
0 
0 
0 
0 

16 

,S3 

64 

42 

23 

20 

13 

S 

8 

7 

8 

16 
10 
18 
12 
0 
0 
0 
0 
0 
0 
0 

16 

10 

18 

12 

0 

3 

6 

0 

8 

0 

0 

0 

16 f 

0 

118 

44 

44 

141 

12 

IS 

259 

56 

59 

Series  VI.  Parchment  and  celloidin  sacs  filled  with  sewage  and  immersed  in 
sewage. — The  same  method  of  arrangement,  as  detailed  in  preceding  series,  was 
followed  in  this  series,  which  was  begun  on  August  15,   1905,  and  continued  until 


Longevity  of  Bacillus  Typhosus  65 

August  29.  A  parchment  and  a  celloidin  sac,  heavily  seeded  with  typhoid  organisms 
(4,350,000  and  5,800,000  bacteria,  respectively),  were  filled  with  fresh  sewage  and 
immersed  as  before  in  flowing  sewage.  Bacteriological  examinations  made  with 
D.-C.  media  on  the  sewage  showed  usually  a  germ  content  ranging  from  1,250,000- 
6,600,000.  The  chlorine  content  varied  from  150  to  200  parts  per  million.  The  range 
in  temperature  was  from  22°  to  25°  C.     The  results  obtained  are  shown  in  Table  13. 

In  this  series  the  disappearance  of  the  typhoid  organism  was  even 
more  rapid  than  in  the  foregoing  test.  Two  hundred  and  fifty-nine 
cukures  were  removed,  and  of  these  59  proved  to  be  typhoid.  In 
the  parchment  sac  none  were  found  after  the  third  day,  while  in  the 
celloidin  sac  the  presumptive  typhoids  were  sparse  after  two  or  three 
days,  and  had  entirely  disappeared  after  five  days. 

These  results  are  in  harmony  with  those  obtained  the  year  before 
on  the  Chicago  Drainage  Canal,  in  that  in  both  sets  of  experiments, 
the  longevity  of  the  typhoid  organism  was  much  shorter  when  expcsed 
in  sewage  than  in  lake  water.  In  the  earlier  series  cf  studies,  the 
introduced  organism  was  not  found  after  the  third  day,  while  prac- 
tically the  same  result  was  obtained  in  both  of  the  series  here  recorded, 
although  scattering  colonies  were  found  on  the  culture  plates  as  late 
as  the  fifth  day. 

Taking  into  consideration,  the  results  obtained  in  both  the  Chi- 
cago series  and  those  here  described  it  would  seem  that  the  data 
obtained  warrant  the  conviction  that  the  typhoid  organism  is  unable 
to  retain  its  vitality  as  long  when  immersed  in  sewage  as  it  does  when 
in  contact  with  lake  water.  This  fact  being  determined,  the  next 
question  of  interest  is  to  find  the  cause  of  this  phenomenon.  Is 
this  diminished  longevity  due  (i)  to  the  direct  action  of  the  sew- 
age bacteria  themselves,  or  (2)  to  the  by-products  which  this  type 
of  life  produces  ?  By  means  of  the  technical  methods  here  used,  it 
was  thought  that  this  problem  might  be  solved  by  exposing  the 
typhoid  organisms  in  sacs  filled  with  lake  water  to  the  influence 
of  flowing  sewage.  If  the  period  of  longevity  of  the  inoculated 
organism  was  fully  as  great  when  the  lake  water  sacs  were 
immersed  in  sewage  as  when  subjected  to  the  current  of  flowing 
lake  water,  then  it  would  seem  that  the  influence  of  the  soluble 
growth  products  of  sewage  bacteria  would  be  of  no  effect.  On 
the  other  hand,  if  they  died  as  quickly  as  they  did  in  sewage,  or 
nearly  as  soon,  then  it  would  appear  that  the  soluble  substances  pass- 
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ing   from   the   sewage   outside   through   the   permeable   membranes 
exerted  a  harmful  action. 

To  test  this  hypothesis,  several  series  were  instituted  in  which  the 
inoculated  organism  was  exposed  in  the  way  just  mentioned. 
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PART  III. 

BACILLUS    TYPHOSUS    EXPOSED    TO    THE    INFLUENCE    OF    DIFFUSIBLE 
SEWAGE    BY-PRODUCTS    AND   TO    WATER    BACTERIA. 

Three  different  sets  of  experiments  were  made  on  this  point,  in 
which  sacs  were  filled  with  raw  lake  water,  then  inoculated  with  E. 
typhosus  and  the  whole  immersed  in  flowing  sewage.  Series  VII, 
consisting  of  two  sacs  each  of  celloidin,  parchment,  and  agar,  was 
inoculated  with  190,000-300,000  organisms  per  c.c.  and  run  from 
May  2  to  May  19  of  this  year. 

Two  other  series  (VIII  and  IX),  each  consisting  of  a  celloidin  and 
a  parchment  sac,  were  inoculated,  one  with  a  heavy  seeding,  the  other 
with  a  light  seeding,  of  B.  typhosus,  and  immersed  in  flowing  sewage. 

Series  VII.  Celloidin,  parchment,  and  agar  sacs,  filled  with  lake  water  and  immersed 
in  flowing,  fresh  sewage. — Six  sacs  were  employed  in  this  series,  two  each  of  the  three 
types.  The  sewage  on  the  outside  of  the  sacs  was  fairly  strong,  as  judged  by  sight 
and  smell.  It  was  quite  turbid,  and  of  a  dark  brown  color,  due  to  accumulation  of- 
organic  matter,  which  collected  on  the  walls  of  the  containing  reservoir,  especially 
at  and  near  the  surface.  A  cover-glass  preparation  showed  a  matrix  of  colorless 
filaments,  brownish  cells,  and  amorphous  matter.  From  time  to  time  the  germ  content 
and  the  chlorine  content  of  this  flowing  liquid  was  ascertained  to  gauge  its  relative 
condition.  The  bacterial  counts  were  made  after  24  hours'  incubation.  A  longer 
period  of  incubation  would  doubtless  have  increased  materially  the  figures  given. 

TABLE    14. 
Character  of  Sewage  as  to  Chlorine  and  Bacterial  Content. 


May    2 

May  4 
May    s 

May  6 
May  8 
May  10 

May  II 
May  12 
May  13 
May  IS 
May  17 
May  18 


Chlorine 
Pts.  per  1,000,000 


Bacteria  per  c.c. 
Lactose  Agar 


128,250 


61,500 
160,000 


Litmus  Lactose  -Agar 


Numerous  acid  and  gas 
colonies 

Gas  formers  and  acid 
colonies  ab\mdant 

Sewage  forms  abundant 
Acid  and  gas  colonies 
nuirerous 


The  variation  in  chlorine  content  was  doubtless  occasioned  by  the 
somewhat  irregular  addition  of  the  urine  to  the  sewage.  The  tem- 
peratures ranged  in  this  series  from  15°  to  19°  C,  with  an  average  tem- 
perature of  16.7°  C.     All  three  kinds  of  sacs  were  used  in  this  series, 
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two  sacs  of  each  being  employed.  At  the  outset  an  attempt  was 
made  to  determine  the  quantitative  condition  of  the  respective  sacs  in 
a  manner  similar  to  that  indicated  in  Series  I,  but  this  was  discon- 
tinued during  the  progress  of  the  experiment  when  it  became  evident 
that  a  large  proportion  of  the  organisms  found  on"  the  culture  plates 
were  not  typhoid,  but  were  water  saprophytes.  The  germ  content 
of  the  different  sacs  at  the  beginning  ranged  from  190,000  to  330,000 
per  c.c,  which  was,  of  course,  mainly  B.  typhosus,  as  the  water  used 
in  the  sacs  was  lake  water,  containing  not  more  than  150-300  bacteria 
per  c.c.  On  the  second  and  third  days  of  exposure  the  total  germ 
content  in  the  different  sacs  had  fallen  50-90  per 'cent,  but  after  this 
date  a  marked  increase  occurred,  reaching  in  the  course  of  a  few  days 
several  hundred  thousand  bacteria  per  c.c.  It  would  appear  from 
these  data  that  the  water  bacteria  originally  introduced,  with  the 
lake  water,  into  the  sac,  had  multiplied  extensively.  This  is  a  mat- 
ter of  import,  as  this  multiplication  might  exert  some  effect  upon  the 
longevity  of  the  pathogenic  organism  with  which  they  were  exposed. 

A  more  important  fact,  however,  is  that  this  demonstrates  the  per- 
meability of  the  sacs  to  substances  from  without,  for  this  enormous 
development  far  transcends  any  growth  that  would  have  occurred 
without  influx  of  organic  matter  from  the  outside.  That  none  of 
this  growth  was  due  to  the  admission  of  the  sewagic  forms  from  the 
outside  is  conclusively  shown  by  the  entire  absence  of  any  gas 
forming  acid  colonies  on  all  the  plates  for  about  two  weeks.  The 
colonies  growing  on  the  Drigalski-Conradi  medium  were  uniformly 
of  some  shade  of  blue  or  grayish  color.  Not  until  the  13th  day  did 
any  acid  colony  appear.  On  this  day  a  single  acid  colony  developed 
in  cultures  made  from  one  of  the  parchment,  and  also  from  one  of 
the  agar,  sacs.  This  condition  was  also  observed  the  next  day  in  the 
same  parchment  sac,  and  in  the  other  agar  sac.  These  results* 
therefore,  speak  strongly  for  the  integrity  of  the  sacs  for  a  sufficiently 
long  period,  as  they  were  surrounded  continually  with  water  con- 
taining hundreds,  and  often  thousands,  of  acid  and  gas  generating 
forms  per  c.c. 

The  records  of  the  plates  as  to  their  colony  appearance  is  here- 
with presented: 
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Date 

Days  of 
Exposure 

Character  of  Culture  Plates 

0 

I 

2 

3 

5 
6 

7 

8 
9 

II 

May    3 

May    4 

contain  very  nearly  a  pure  typhoid  culture 
Major  portion   of  colonics  typhoid  on   parchment   (Sac   18); 

agar  sac  (Sac  22)  very  nearly  a  pure  culture  of  typhoid 
Presumptive  typhoids  apparently  few  on  agar  (Sac  21).     Sus- 
pected colonics  picked  failed  to  grow 
About  one-half  on  celloidin  (Sac  19)   appear  to  be  typhoid. 

Typhoid  abundant  on  agar  (Sacs  21  and  22) 
Typhoid  abundant  on  celloidin  (Sac  10) 
Typhoid  quite  numerous  on  celloidin  (Sac  20) 
Culture    badly    mixed.     Suspected    typhoids    very    sparingly 

present 
Colonies  on  plates  from  agar  sac  appear  negative  typhoid 
Several  colonies  on  celloidin  (Sac  19)  resemble  typhoid,  but 

only  one  proves  positive 
All  colonies  endently  negative  typhoid.     Total  colony  count 

falUng  rapidly 

May    8 

The  results  obtained  from  the  testing  of  the  cultures  fished  from 
the  culture  plates  are  expressed  in  Table  15. 

TABLE    15. 
Longevity  of  B.  typhosus  in  Permeable  Sacs  Filled  with  Lake  Water  and  Exposed  to  Influence 

OF  Fresh  Sewage. 


Sac 

17 

Sac 

18 

Sac  19 

Sac 

20 

.Sac  21 

Sac  22 

Parch. 

Parch. 

Cell. 

Cell. 

Agar 

Agar 

"oTS 

■a 

"o-d 

■al 

"B-^ 

^1 

"Bts 

•al 

"B-^ 

-al 

•3t3 

-al 

-5-0 

0^ 

h'£ 

U^ 

U^ 

u^ 

HfS 

U^ 

hfS 

u^ 

U^ 

n^^ 

|E 

^•3 

|E 

i'^ 

Zu 

^E 

^6 

IE 

Zo 

i^ 

Zu 

IS 

Z 

1  hour 

6 

6 

4 

3 

3 

2 

3 

3 

5 

5 

4 

4 

25 

23 

3 

4 

7 

7 

3 

S 

3 

2 

3 

7 

3 
2 

5 
4 

3 

0 

4 

5 

4 
0 

2"; 

25 

2  days  

I 

5 

3     "    

4 

0 

8 

4 

5 

4 

2 

2 

4 

I 

3 

2 

2O 

13 

4     "   

6 

2 

4 

2 

7 

4 

I 

I 

6 

I 

24 

10 

5     "   

6 

I 

7 

0 

10 

7 

15 

2 

3« 

10 

6     "   

7 

s 

6 

2 

'3 

7 

7      "    

10 

2 

3 

0 

3 

0 

5 

0 

21 

2 

8     "   

6 

0 

7 

2 

5 

I 

18 

3 

9        '    

7 

0 

S 

0 

9 

I 

4 

0 

6 

25 

I 

10      "    

I 

0 

4 

0 

0 

5 

0 

10 

0 

II      "    

5 

0 

S 

0 

4 

0 

4 

0 

6 

I 

24 

I 

13      "    

4 

0 

5 

0 

S 

0 

3 

3 

0 

20 

0 

15      "    

2 

0 

I 

0 

I 

0 

I 

0 

I 

I 

0 

7 

0 

17      "    

4 

0 

5 

0 

9 

0 

57 

13 

42 

14 

57 

21 

55 

21 

51 

12 

48 

15 

310 

96 

In  the  parchment  series,  the  character  of  the  colonies  in  the  cul- 
ture plates  had  changed  by  the  seventh  day  so  that  typhoid-like 
organisms  were  very  sparingly  present.  The  results  in  all  of  the 
sacs,  as  a  whole  were,  however,  more  divergent  than  in  any  of  the 
preceding  series.  An  average  of  the  whole  six  sacs  used  was  some- 
thing over  seven  days,  not  greatly  different  from  those  made  in  flow- 
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ing  lake  water.  Even  though  the  divergence  in  results  was  consider- 
able, the  sacs  in  this  series  showed  a  greater  degree  of  longevity  than 
in  those  in  which  the  typhoid  organisms  were  immersed  in  sewage. 
This  would  seem  to  indicate  that  the  sewage  in  the  outer  reservoir 
exerted  httle  or  no  effect  on  the  vitality  of  the  typhoid  within.  With 
such  divergent  results  it  is,  however,  impossible  to  draw  any  con- 
clusion, and  the  further  data  on  this  point,  presented  in  Series  VIII 
and  IX,  are  necessary  as  a  basis  for  deductions. 

Series  VIII.  Celloidin  and  parchment  sacs  filled  with  lake  water  and  immersed 
in  flowing  sewage. — This  series  consisted  of  three  sacs:  one  celloidin  and  one  parch- 
ment, filled  with  raw  lake  water  and  inoculated  with  the  usual  typhoid  strain;  also, 
a  third  celloidin  sac  filled  with  lake  water,  but  uninfected  with  the  pathogenic  organism. 
These  three  sacs  were  immersed  in  a  bath  of  flowing  sewage.  The  exposure  was 
continued  for  a  period  of  14  days.  The  temperature  ranged  from  21°  to  29°  C,  with 
an  average  of  about  25°  C.  The  sewage  in  the  outside  receptacle  was  fresh  and  quite 
strong.  Chlorine  determinations  showed  a  range  from  241  to  340  parts  per  million. 
The  bacterial  content  of  this  outside  sewage  was  usually  from  3,500,000  to  7,000,000 
organisms  per  c.c. 

A  bacterial  determination  on  Drigalski-Conradi  medium  was  made  of  the  unin. 
fected  celloidin  sac,  and  it  is  interesting  to  note  the  enormous  development  that  occurred 
in  the  lake  water  submerged  in  the  sewage,  as  shown  in  the  following  data. 

TABLE   16. 
Bacterial  Content  per  c.c.  of  Lake  Water  in  Celloidin  Sac  Immersed  in  Flowing  Sewage. 


Period  of  Immer- 
sion  (Days) 


Bacteria  per  c.c. 


Acid  Colonies 


June  13. 
June  i;. 
June  18. 
June  25. 


30 

10,500 

10,950,000 

26,600,000 


The  above  data  are  of  importance,  as  showing  the  course  of  the 
changes  that  occur  in  the  permeable  sacs  when  immersed  in  a  medium 
containing  a  large  amount  of  organic  matter.  This  sac  filled  with 
water  showed  a  degree  of  growth  that  is  almost  unparalleled,  multi- 
plying in  the  course  of  12  days  nearly  a  million-fold.  The  fact  that 
no  acid  colonics  developed  on  these  plates  made  from  the  water  is 
proof  of  the  integrity  of  the  sacs.  This  bacterial  growth  is  far  in 
excess  of  that  which  occurs  in  the  permeable  sacs  when  immersed  in 
flowing  lake  water,  and  would  seem  to  be  explained  on  the  assump- 
tion that  nutrient  substances  of  a  diffusible  character  are  capable  of 
passing  through  tlK;  membrane,  from  the  sewage  outside. 
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The  record  of  the  longevity  of  the  typhoid  type  is  shown  below. 

TABLE   17. 
Longevity  of  B.  typhosus  in  Celloldin  and  Parchment  Sacs  Filled  with  Lake  Water  and 
Immersed  in  Flowing  Sewage. 


Sac  23  (Parchment) 


No.  Colonies 
Fished 


No.  Proven 
Typhoid 


Sac  24  (Celloidin) 


No.  Colonies    ;  Xo.Presumptive 
Fished         j        Typhoid 


No.  Proven 
Typhoid 


0  days 

1  day. 

2  days 
4     " 

6     " 

10  " 

11  " 

12  " 

13  " 

14  " 


Leak  discovered,  further  sampling 
discontinued 


In  this  series  an  accident  happened  to  the  celloidin  sac.  In  some  way  a  leak 
developed,  which  fact  could  of  course  be  quickly  detected  by  the  appearance  of  red 
colonies  on  the  D.-C.  plates,  whereas  the  lake  water,  to  begin  with,  was  free  from  all 
acid-producing  forms.  From  Sac  23  it  happened  that  no  cultures  were  made  between 
the  6th  and  the  loth  days,  so  that  the  histor}^  at  this  point  is  not  as  complete  as  it  should 
have  been,  but  it  is  significant  that  the  typhoid  organisms  were  readily  recovered  on 
the  loth  day.  A  large  number  of  cultures  were  taken  after  this  date  (70  on  four  suc- 
cessive days),  but  in  no  case  was  any  organism  found  that  even  simulated  the  typhoid 
type  of  colony  or  proved  positive  upon  the  application  of  the  differential  tests. 

When  these  results  are  compared  with  those  contained  in  Series 
VII,  it  appears  in  both  series  that  the  inoculated  typhoid  persisted 
for  a  considerably  longer  period  than  in  case  of  direct  .contact  with 
sewage  itself. 

A  rapid  change,  as  usual,  took  place  in  the  general  character  of 
the  culture  plates.  On  July  14,  the  second  day  after  the  lake  water 
was  infected,  the  major  portion  of  the  plate  cultures  showed  typical 
typhoid  colonies.  In  the  course  of  a  few  days  the  total  germ  content 
per  c.c.  of  this  sac  increased  rapidly,  due  to  the  growth  of  the  water 
organisms.  On  the  17th,  five  days  after  starting  the  experiment, 
about  one-third  (16,000  organisms)  of  the  total  colony  count  was  still 
B.  typhosus.  By  the  19th  this  number  had  fallen  to  about  8,000 
per  c.c.  On  the  23d  both  D.-C.  plates  contained  a  few  presumptive 
typhoids,  but  the  later  plates  showed  totally  aberrant  forms. 

Series  IX.  Celloidin  and  parchment  sacs  filled  with  lake  water  and  immersed  in 
flowing  sewage. — This  series  was  started  on  August  15  and  continued  till  the  2Qth. 
Two  sacs,  one  of  celloidin  and  the  other  of  parchment,  were  inoculated  lightly  with 
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100,000   and   200,000  typhoid   bacilli,   respectively.      The   findings   in   this   test   are 
expressed  in  Table  18. 

TABLE   18. 
Longevity  of  B.  typhosus  in  Sacs  Filled  with  Lake  W.ater  and  Exposed  to  the  Action  or 

Flowing  Sewage. 


Sac  2 

S  (Celloidin) 

Sac  26  (Parchment) 

Totals 

Days 

No. 

Col. 

Fished 

No. 
Pres. 
Typh. 

No. 
Proven 
Typh. 

No.  ' 

Col. 

Fished 

No. 
Pres. 
Typh. 

No. 
Proven 
Typh. 

No. 

Col. 

Fished 

No. 
Pres. 
Typh. 

No. 
Proven 
Typh. 

12 
12 
17 
26 
10 

21 

3 

7 
7 

12 
2 
0 

II 
6 
0 
0 
0 
0 

12 
2 
0 

II 
6 
0 
0 
0 
0 

14 
12 
21 
30 
59 
31 
S 
9 
12 

14 

I 
I 
II 
14 
I 
0 
0 
0 

13 

I 
I 
II 
14 
I 
0 
0 
0 

26 
24 

56 
69 
52 
8 
16 
19 

26 
3 
I 
22 
20 
I 
0 
0 
0 

25 

3 

6 

8 

IIS 

31 

31 

193 

32 

41 

308 

53 
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The  most  evident  change  in  this  series  came  suddenly  on  the  eighth  day.  In 
the  celloidin  sac  no  typhoids  were  found  on  this  date,  or  at  any  subsequent  time,  and 
in  the  parchment  sac  only  one  typhoid  colony  appeared  on  the  eighth  day,  and  none 
thereafter. 

The  results  of  these  three  foregoing  series  (see  Summary,  Table 
19)  show  some  variation  in  the  longevity  of  the  typhoid  organism? 
but  not  more  than  was  observed  in  the  earlier  series,  where  the  expo- 
sure was  in  lake  water  alone.  In  general  the  typhoid  bacillus  per- 
sisted in  these  cases  for  about  seven  or  eight  days,  with  an  occasional 
instance  where  vitality  was  prolonged  for  10  or  11  days.  These 
results  stand  in  striking  contrast  to  those  obtained  in  the  sewage 
series.  This  variation  in  longevity  is  brought  out  under  optimum 
conditions  in  the  case  of  two  of  the  series  that  were  run  under  con- 
ditions identical  ekcept  as  to  the  nature  of  the  liquid  in  the  sac. 

Series  VI  and  IX  were  immersed  in  the  same  sewage  and  run  at  the 
same  time.  Series  VI  contained  sacs  filled  with  lake  water,  while  in 
Series  IX  the  sacs  were  filled  with  sewage.  The  sewage  series  also 
received  much  the  heavier  seeding.  As  to  results,  the  typhoid  organ- 
ism died  in  the  sewage  sacs  in  from  three  to  five  days,  while  in  the 
sac  filled  with  lake  water,  but  immersed  in  same  stream  of  sewage, 
it  lived  seven  to  eight  days. 

To  permit  of  more  ready  comparison  of  results,  reference  can  be 
made  to  Table  19,  in  which  is  summarized  the  results  of  all  of  the 
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experiments  made  on  the  sewage  series  and  those  in  which  sacs  were 
filled  with  lake  water  and  immersed  in  sewage. 

TABLE   10. 

Summary  of  Experiments  Where  Exposure  Was  Made  in  Sewage    Sacs,  also  in  Lake  Water 

Sacs  Immersed  in  Flowing  Sewage. 


s 

6 

Kind  of 
Sac 

Days 

p     (I, 

>  S 
0  0  . 
a  aj " 

o 

I 

2 

3 

4 

5 

6 

7 

8 

9 

lO 

II 

12 

13 

14 

1 

V 

12 

14 

Agar 

Parchment. 
Celloidin  .  . 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+  1 

4-1 
4-1 
4-1 

4-1 

4-1 

4- 

o 
o 
o 

o 
o 
o 

o 
o 
o 

O 
O 
O 

409 

71 

1 

VI 

IS 
i6 

Parchment. 
CeUoicUn  .  . 

+ 

+ 

+ 

+ 
+ 

+ 
4- 

o 
o 

o 

-+- 

o 
o 

° 

o 

o 
o 

o 
o 

o 
o 

259 

59 

C3 

VII 

\ 

17 
i8 
19 

20 
21 
22 

Parchment. 
Parchment. 
Celloidin  .  . 
Celloidin  .  . 

Agar 

Agar 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 
O 

o 

4- 
4- 
4- 
4- 
4- 

4- 

4- 
4- 

4- 
4- 

4- 
o 

4- 

4- 

4- 
4- 

4- 
o 
o 

o 

o 

4- 

4- 

o 
o 

4-1 

o 

o 
o 
o 

o 

o 
o 
o 

4-1 

o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

310 

96 

!* 

VIII 

23 
24 

Parchment. 
Celloidin  .  . 

+ 

o 

o 
o 

4- 

4- 

4- 
lea 

kd 

isc 

ova 

4- 
red 

o 

O 

o 

o 

i6q 

36 

•5 

IX 

2  5 
26 

Celloidin  .  . 
Parchment. 

+ 
+ 

+ 

+ 

o 

4- 

4- 
4- 

4- 
4- 

0 

4-1 

o. 

o 
o 

o 
o 

308 

72 

I.4SS 

334 

The  evident  conclusion  which  these  data  support  is  that  the  results 
obtained  in  the  three  series  (VII-IX)  in  which  the  sacs  were  filled 
with  typhoid-infected  lake  water  and  immersed  in  sewage  are  much 
more  nearly  in  accord  with  the  series  exposed  to  running  water 
(I-IV)  than  to  those  subjected  to  the  direct  action  of  sewage 
(V-VI).  This  would  seem  to  indicate  that  the  more  destructive 
influence  of  sewage  was  not  exerted  unless  the  typhoid  organism 
was  in  intimate  contact  with  the  sewage  bacteria  themselves. 

Series  X.  One  more  possible  combination  existed,  which  was  tried  in  order  to 
test  all  aspects  of  the  question  at  issue.  Sacs  filled  with  water  had  been  immersed 
in  flowing  water;  those  filled  with  sewage  had  been  placed  in  a  sewage  bath;  and 
others  filled  with  water  had  also  been  subjected  to  the  influence  of  flowing  sewage. 
The  remaining  combination  of  sewage-filled  sac  immersed  in  flowing  water  was  there- 
fore tried.  In  this  case  only  a  single  sac  was  used  (parchment).  It  was  heavily 
inoculated  with  typhoid,  4,350,000  organisms  per  c.c.  of  a  24  hour  culture. 

A  rapid  death  of  the  introduced  germ  occurred  in  this  sac  in  the 
course  of  a  few  days.  The  latest  recovery  was  on  the  fifth  day, 
although  even  prior  to  this  it  had  been  greatly  reduced  in  numbers. 
This  result  is  practically  the  same  as  the  sewage  sacs  immersed  in 
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TABLE   20. 
Lokgevity  of  B.  typhosus  in  Parchment  Sac  Filled  with  Sewage  and  Immersed  in  Water. 


Sac  27  (Parchment) 

Days 

No.  Colonies  Fished 

No.  Pres.  Typhoid 

No.  Proven  Typhoid 

20 
2 
30 
18 
12 
12 
4 
0 
5 
17 
9 

10 
2 
6 
2 
0 
I 
0 
0 
0 
0 
0 

6 

6.               

8 

129 

30 

30 

sewage.  Although  undoubtedly  considerable  diffusion  of  soluble 
substances  would  occur  in  this  case,  no  material  variation  in  the 
longevity  of  the  pathogenic  organism  was  observed.  This  is  in 
accord  with  all  of  the  previous  results,  and  indicates  that  the  longevity 
of  B.  typhosus  is  diminished  when  the  organism  is  in  direct  contact 
with  sewage  bacteria. 


In  Table  21  are  compiled  the  results  of  all  experiments,  expressed 
in  days.  This  signifies  the  maximum  period  of  time  in  each  experi- 
ment during  which  the  typhoid  bacillus  could  be  recovered.  For 
findings  other  than  the  end  results,  comparative  summaries  may  be 
found  in  Tables  10  and  19. 

TABLE   21. 
Summary  of  Results. 


b.  typhosus 
Exposed  to 

Lake  water 

Sewage 

Lake  water 

Sewage 


Sacs  Immersed  in 


Series 
No. 


Longevity  of  Typhoid  (in  Days) 


Agar 


Celloidin 


Parchm't 


G  la.ss 


Lake  Water 

Sewage 

5>ewage 

Lake  water 


S 
5 
8.9 
? 
7 


6,  8 

5 
3 

3.  7 


CONCLUSIONS. 
I.   Three  types  of  permeable  sacs  (celloidin,  parchment,  and  agar 
films)  were  employed  to  hold  the  typhoid  organism  imprisoned  while 
it  was  exposed  to  the  influence  of  water  and  sewage  bacteria. 


Longevity  of  Bacillus  Typhosus  75 

2.  Tests  made  with  chlorides,  sugar,  and  peptone  indicate  that 
these  sacs  were  readily  permeable,  while  other  tests  demonstrated 
that  they  were  wholly  germ-tight. 

3.  In  four  series  of  examinations  where  B.  typhosus  was  exposed 
to  the  action  of  flowing  lake  water  (Mendota),  the  longevity  of  the 
organism  ranged  from  8  to  10  days,  agreeing  quite  closely  with  the 
experiments  previously  reported  on  Lake  Michigan  water  under 
similar  experimental  conditions. 

4.  Where  B.  typhosus  was  exposed  directly  to  the  action  of  sewage 
bacteria,  its  longevity  was  greatly  diminished,  three  to  five  days 
being  the  longest  time  for  which  the  organism  could  be  recovered. 

5.  When  the  typhoid  organism  was  exposed  to  the  diffusible 
products  of  sewage  bacteria,  and  not  to  the  direct  action  of  the 
organisms  themselves,  as  was  the  case  when  the  typhoid  infected 
lake  water-filled-sacs  were  exposed  to  flowing  sewage,  the  longevity 
of  the  inoculated  pathogenic  form  was  increased.  The  results, 
although  more  variable  than  in  either  of  the  preceding  cases,  agreed 
more  closely  with  those  obtained  in  the  lake-water  series  than  with 
those  exposed  to  the  action  of  sewage  itself.  This  would  seem  to 
indicate  that  the  direct  contact  with  sewage  organisms  was  more 
detrimental  to  the  vitality  of  the  typhoid  organism  than  the  diffusible 
by-products  of  sewage  forms. 

6.  Where  typhoid-infected  sewage-filled  sacs  were  exposed  to 
water,  the  longevity  of  B.  typhosus  was  the  same  (five  days)  as  where 
the  bathing  liquid  was  sewage.  This  again  seems  to  indicate  that 
the  question  of  longevity  is  more  dependent  upon  the  actual  contact 
with  sewage  types  than  it  is  upon  contact  with  by-products  capable  of 
diffusion  through  these  permeable  membranes. 

7.  The  uniformity  noted  in  the  results  obtained  in  this  investi- 
gatiori,  and  their  confirmation  of  the  work  of  the  preceding  year  on 
the  waters  of  Lake  Michigan  and  the  Chicago  Drainage  Canal  would 
now  seem  to  warrant  the  definite  conclusion  that  the  longevity  of  the 
typhoid  bacillus  in  waters  is  materially  affected  by  the  germ  content 
of  its  surroundings.  In  waters  highly  polluted  with  saprophytic 
bacteria,  such  as  is  the  case  in  sewage,  this  disease  organism  is 
unable  to  survive  for  more  than  a  few  days  (three  to  five  in  the 
experiments  here  described),  a  period  of  time  materially  shorter  than 
that  which  is  noted  in  normally  unpolluted  waters. 


ON  THE  RELATION  BETWEEN  OXYGEN  IN  WATER  AND 
THE  LONGEVITY   OF  THE  TYPHOID   BACILLUS. 

George  C.  Whipple  and  Andrew  Mayer,  Jr. 

There  are  many  factors  which  affect  the  longevity  of  the  typhoid 
bacillus  in  water.  Experiments  which  we  have  made  at  various 
times  during  the  last  two  years  indicate  that  the  presence  of  dis- 
solved oxygen  is  one  of  the  most  important.  Comparative  experi- 
ments made  by  putting  typhoid  bacilli  into  two  portions  of  water 
and  maintaining  one  under  anaerobic  conditions,  while  the  other 
remained  oxygenated,  indicated  that  the  bacilli  preserved  their 
vitality  for  a  much  longer  period  when  oxygen  was  present.  This  was 
found  to  be  true  also  of  the  colon  bacillus. 

The  experiments  were  varied  in  a  number  of  ways,  as  shown  by 
the  following  tables.  The  culture  of  typhoid  bacillus,  used  in  all  the 
experiments,  was  obtained  from  Dr.  Ezra  Wilson  of  the  Hoagland 
Laboratory.  Before  using  it,  it  was  submitted  to  preliminary  culti- 
vation in  broth  for  24  hours  at  37°  C.  From  the  third  generation  in 
broth  an  agar  streak  culture  was  made,  which  was  used  in  subsequent 
inoculations. 

EXPERIMENT    i.* 

Brooklyn  tap  water  was  filtered  through  a  Berkefcld  filter,  and  19  c.c.  were  put 
into  test  tubes  and  sterilized.  To  each  of  these  tubes  was  then  added  i  c.c.  of  a  sus- 
pension of  typhoid  bacilli  in  water.  Another  series  of  tubes  was  prepared  in  a  simi- 
lar way,  but  the  water  was  boiled  to  expel  the  dissolved  oxygen.  The  tubes  of  this 
series  were  inoculated  with  typhoid  bacilli  as  in  the  previous  case. 

The  first  set  of  tubes  was  placed  in  the  20°  incubator;  the  second  was  also  placed 
in  the  incubator,  but  was  kept  in  a  Novy  jar  in  an  atmosphere  of  hydrogen.  After 
various  periods  of  incubation,  one  tube  of  each  set  was  withdrawn  and  samples  were 
plated.     The  following  table  represents  the  results  obtained: 

♦Made  with  the  assistance  of  Mr.  Luther  R.  Sawin,  Bacteriologist,  Dept.  of  Water  Supply,  Gas 
and  Electricity. 
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Date 


Period  in 
Days 


Tubes  Kept  in  Air 


Number 
per  c.c. 


Per  Cent  of 
Initial  Number 


Tubes  Kept  in  Hydrogen 


Number 
per  c.c. 


Per  Cent  of 
Initial  Number 


1903 
April  13. 
April  15. 
April  17. 
April  2 1 . 
April  25. 
May  I . 
May  9 . 
May  16. 
May  23 . 
May  30. 
June     6. 


26 

33 
40 

47 
54 


600,000 

455,000 

190,000 

120,000 

67,000 

25,000 

9,250 

2,150 

132 

6 


TOO. 
76. 
32- 


600,000 
2,400 

25 


.001 
.000 


100.  o 

0.4 

0.004 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


EXPERIMENT    2. 

The  second  experiment  differed  slightly  from  the  first  one.     Sterilized  distilled 

water  was  used  instead  of  tap  water,  150  c.c.  was  the  quantity  taken,  and  flasks  were 

employed  instead  of  test  tubes.     The  water  was  not  boiled.     Carbonic  acid  was  used  in 

the  Novy  jar  instead  of  hydrogen.     The  results  obtained  are  given  in  the  following  table : 


Period  in 
Days 

Tubes  Kept  in  Air 

Tubes  Kept  in  Carbonic 
Acid 

Date 

Number 
per  c.c. 

Per  Cent  of 
Initial  Number 

Number 
per  c.c. 

Per  Cent  of 
Initial  Number 

1903 
July  18 

0 
2 
4 
8 

400,000 
265,000 

50,000 

too.o 
66.0 

12. 5 

400,000 

110,000 

1,500 

0 

100. 0 

27-S 

0.38 

0.0 

EXPERIMENT   3. 
The  experiment  was  made    as    above   described    except  that  an  atmosphere  of 
nitrogen,  obtained  by  using  pyrogallic  acid  and  caustic  potash,  was  used  for  the  anae- 
robic flasks.     The  results  are  shown  in  the  table  following: 


Period  of  Time 

Kept  in  Air 
Number  per  c.c. 

Kept  in  Nitrogen 
Number  per  c.c. 

3,120,000 

No 

record 

kept 

48      "     

EXPERIMENT   4. 
This  experiment  was  precisely  like  No.  3.     The  results  obtained  were  as  follows: 


Tubes  Kept  in  Air 

Tubes  Kept  in  Nitrogen 

Period  of  Time 

Number  per  c.c. 

Per  Cent  of 
Initial  Number 

Number  per  c.c. 

■     Per  Cent  of 
Initial  Number 

880,000 
710,000 

100 
81 

1,390,000 
0 
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EXPERIMENT   5. 
This  experiment  was  like  No.  3  except  that  no  control  culture  was  made  in  air. 
The  results  were  as  follows: 


Tubes  Kept  di  Nitrogen 

Period  of  Time 

Number  per  c.c. 

Per  Cent  of  Initial 
Number 

164.000 

36,000 

12,240 

0 

23.0 

EXPERIMENT  6. 
This  experiment  differed  from  the  preceding  in  that  i  c.c.  of  the  broth  culture 
was  used  to  inoculate  the  water.  This  apparently  produced  a  culture  medium  in  which 
the  bacilK  could  multiply.  It  was  observed,  however,  that  after  multipUcation  had 
taken  place  the  numbers  fell  off  more  rapidly  in  the  anaerobic  jar.  The  results  were 
as  follows: 


Period  of  Time 

Tubes  Kept  in  Air 
Number  per  c.c. 

Tubes  Kept  in  Nitrogen 
Number  per  c.c. 

1,500,000 

7,200,000 
5,000,000 

7  davi; 

4,000,000 
550,000 

EXPERIMENT   7. 
This  experiment  was  conducted  like  the  others,  but  B.  coli  was  used  instead  of 
B.  typhosus.     The  results  obtained  were  as  follows: 


Tubes  Kept  im  Air 

Tltbes  Kept  in  NrrRocEN 

Period  of  TrwE 

Number  per  c.c. 

Per  Cent  of 
Initial  Number 

Number  per  c.c. 

Per  Cent  of 
Initial  Number 

Jan.  1-28,  190s 

3,400,000 
620,000 

100 
"18   " 

3,400,000 

648,000 

288,000 

10,500 

100. 0 

19.0 

8.^ 

0.3 

If  it  be  true,  as  indicated  by  these  experiments,  that  the  presence 
of  dissolved  oxygen  in  water  causes  typhoid  fever  bacilh  to  maintain 
their  vitahty  for  longer  periods  of  time  than  when  no  oxygen  is 
present,  this  throws  some  light  on  the  results  of  various  observations 
which  have  been  made  by  other  investigators.  For  instance,  Jordan, 
Russell,  and  Zeit'  found  by  their  experiments  on  the  waters  of  the 
Chicago  Drainage  Canal  and  the  Illinois  River  that  typhoid  bacilli 
disappeared  more  quickly  in  polluted  water  than  in  relatively  pure 

■  Jour.  Infect.  Dis.,  1904,  i,  p.  641. 
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water.  Among  other  reasons  for  explaining  this  fact,  it  is  quite 
possible  that  the  absence  of  oxygen  in  the  polluted  waters  may  have 
been  an  important  influence.  There  seems  to  be  some  evidence 
that  typhoid  fever  germs  maintain  their  vitality  more  readily  in  the 
winter  season  than  during  the  summer.  It  is  worth  noting  in  this 
connection  that  cold  water  contains  much  larger  amounts  of  dissolved 
oxygen  than  does  warm  water.  The  effect  of  the  septic  tank  on  the 
longevity  of  pathogenic  bacteria  also  involves  the  relation  of  oxygen 
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ITY  IN  SEWAGE  EFFLUENTS. 

Georgk  a.  Johnson,  William  R.  Copeland,  and  A.  Elliott 

K  I  M  B  E  R  L  Y. 

Less  attention  was  formerly  paid  to  the  question  of  the  putresci- 
bihty  of  sewage  effluents  than  is  the  case  at  the  present  time.  For 
the  most  part  the  purification  processes  then  embraced  either  broad 
irrigation  fields  and  intermittent  sand  filtration,  which  normally 
yield  effluents  of  a  high  degree  of  purity,  or  chemical  precipitations 
which  remove  only  about  one-half  of  the  total  organic  matter.  To- 
day there  are  many  sewage  problems  in  which  purification  require- 
to  be  carried  apparently  only  to  the  extent  of  obtaining  a  non-putres- 
cible  effluent.  For  this  purpose  coarse-grain  filters  have  a  wide 
field  of  usefulness,  and  they  also  are  a  factor  to  be  considered  as  an 
intermediate  treatment  in  those  sections  where  porous,  sandy  soil 
is  not  available  naturally,  and  where  thorough  purification  is  needed. 

Contact  filters,  or  sprinkling  filters  of  broken  stone,  do  not,  of 
course,  effect  as  high  a  degree  of  purification  at  their  best  as  do 
filters  of  fine-grain  material,  and  when  unskilfully  operated  may 
yield  effluents  containing  sufficient  unstable  organic  matter  to  render 
them  putrescible.  To  obtain  the  most  satisfactory  results  from 
such  processes,  frequent  data  are  required  regarding  the  putresci- 
bility  of  the  effluent.  The  great  need,  therefore,  as  is  universally 
recognized,  is  for  a  test,  whereby  a  determination  of  the  character 
of  the  effluent,  so  far  as  relates  to  its  putrescibility,  may  be  speedily 
made,  and  thus  enable  the  results  to  serve  as  a  direct  guide  in  operat- 
ing the  plant. 

The  putrescibility  tests  now  in  general  use,  from  a  practical 
standpoint,  possess  a  common  weakness  in  that  nearly  all,  if  indeed 
not  all,  are  based  upon  a  method  whereby  the  samples  of  the  effluent 
require  incubation  for  several  days  before  the  result  can  be  defi- 
nitely known.     So  far  as  they  are  of  assistance  to  the  operators  of 
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sewage  works,  the  results  of  such  tests  are  of  value  only  as  matters 
of  record,  to  serve  as  a  general  guide  in  future  operating  procedure. 

Numerous  attempts  have  been  made  to  fix  certain  arbitrary 
standards  of  purity  of  sewage  effluents  by  prescribing  that  an  effluent 
shall  not  contain  more  than  so  much  organic  nitrogen,  or  oxygen 
absorbed,  thus  (the  data  expressed  in  parts  per  milhon) — the 
Rivers  Pollution  Commission  require  an  effluent  to  be  below  organic 
carbon  20,  organic  nitrogen  3;  Thames  Conservancy,  organic  car- 
bon 30,  organic  nitrogen  ii;  Derbyshire  County  Council,  albumi- 
noid ammonia  i,  oxygen  absorbed  lo  (4  hours'  test);  Ribble  Board, 
albuminoid  ammonia  i,  oxygen  absorbed  20  (4  hours'  test);  Mersey 
and  Irwell,  albuminoid  ammonia  1.4,  oxygen  consumed  14.2  At 
this  time,  however,  there  is  an  almost  unanimous  feeling  against 
even  the  limited  applicabihty  of  such  standards.  Albuminoid 
ammonia,  organic  nitrogen,  and  oxygen  consumed  indicate, 
not  the  exact  proportion  of  putrescible  matter  in  a  sample,  but 
rather,  generally  speaking,  only  a  component  part  of  these  sub- 
stances. Nitrogen,  as  determined  by  these  tests,  may  be  derived 
both  from  stable  and  unstable  matters;  organic  carbon,  as  indicated 
by  the  oxygen  consumed  tests,  may  be  represented  not  only  by 
putrescible  carbonaceous  organic  matter,  but  also  by  certain  non 
putrescible  substances  requiring  oxygen  for  their  oxidation. 

The  putrescibihty  of  a  sewage  effluent,  as  is  quite  generally  rec- 
ognized at  this  time,  is  intimately  related  to  its  composition  with 
respect  to  its  relative  content  of  stable  and  unstable  organic  matter, 
readily  oxidizable  mineral  substances,  and  the  relative  abundance 
of  available  oxygen  present.  For  this  reason  it  is  certain  that  the 
mere  knowledge  of  the  amounts  of  putrescible  organic  matter  present 
in  a  sample  would  be  insufficient  evidence  upon  which  to  base  an 
opinion  of  the  putrescibihty  of  the  sample.  A  knowledge  of  the 
amount  of  available  oxygen  present  to  counteract  the  putrescible 
tendencies  of  the  sample  is  required.  With  a  fairly  accurate  knowl- 
edge of  the  oxygen  consumed  by,  and  the  oxygen  available  in,  a 
sample,  it  is  probable  that  in  some  cases  at  least  it  may  be  possible 
to  fix  arbitrary  standards  of  purity  of  sewage  effluents,  so  far  as 
their  putrescibihty  is  concerned. 
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INCUBATOR  TESTS  FOR  THE  DETERMINATION  OF  PUTRESCIBILITY. 

Brief  historical  resume.  —  The  first  recorded  test  for  the  character  of  sewage 
polluted  water,  so  far  as  we  are  aware,  was  proposed  in  1870  by  Heisch,'  who  noted  the 
fouling  and  growths  produced  when  the  sample,  mixed  with  cane  sugar,  was  exposed 
to  sunlight.  In  1884,  Dupre^  stated  that  when  sewage  polluted  water  was  kept  for 
10  days  out  of  contact  with  the  air,  a  more  or  less  complete  absorption  of  the  dissolved 
oxygen  would  take  place,  and  that  by  a  determination  of  the  dissolved  oxygen  before 
and  after  incubation,  an  idea  might  be  obtained  regarding  the  amount  of  organic 
matter  present.  This  process,  as  pointed  out  by  Rideal,^  aimed  at  determining  the 
number  of  organisms  present  in  the  sample,  rather  than  the  amount  of  putrescible 
compounds  contained  therein. 

Scudder,^  chemist  to  the  Mersey  and  Irwell  Joint  Committee,  introduced  in  1895 
the  incubator  test,  which,  subject  to  a  number  of  modifications,  is  in  more  or  less  gen- 
eral use  at  the  present  time.  At  the  inception  of  this  test,  the  procedure  simply  con- 
sisted in  completely  filHng  a  bottle  with  the  sample,  stoppering  tightly,  and  incubating 
for  a  few  days  at  summer  temperature.  Later*  Scudder  refined  the  method  by  in- 
cluding in  the  technique  the  determination  of  the  oxygen  absorbed  in  cold  acid  per- 
manganate in  three  minutes,  before  and  after  an  incubation  period  of  from  five  to  six 
days  at  75°  F.  This  method  was  also  used  by  Clowes'  in  the  London  experiments, 
and  by  Fowler^  at  Manchester.  In  the  early  Manchester  experiments*  this  test  was 
modified  by  the  use  of  a  period  of  incubation  of  from  six  to  seven  days  at  80°  F.  Scud- 
der' later  included  the  determination  of  dissolved  oxygen  and  nitrates,  before  and  after 
incubation,  since  he  found  that  efiluents  which  did  not  show  an  increase  in  the  amount 
of  oxygen  absorbed  from  permanganate  would  also  contain  after  incubation  residual 
amounts  of  dissolved  oxygen  and  nitrates. 

Ross'"  incubates  at  80°  F.  for  seven  days,  and  further  estimates  the  degree  of 
putrescibiHty  of  the  samples  by  determining  the  oxygen  absorbed  from  permanga- 
nate in  15  minutes  and  four  hours,  respectively,  at  a  temperature  of  80°  F.  This 
method  is  also  used  by  Wilkinson,"  at  the  Oldham  Sewage  Works.  Stoddart's'^ 
modification  of  the  incubator  test  aimed  to  place  the  determination  of  the  odor  of 
putrescible  samples  upon  a  more  severe  basis,  by  making  a  simple  quantitative  test 
for  hydrogen  sulphide.  Clark"  incubates  the  samples  at  80°  F.  for  two  to  five  days, 
and  determines  the  oxygen  consumed  from  acid  permanganate  during  a  two-minute 
boiling  period,  before  and  after  incubation. 

Attempts  have  been  made  in  a  number  of  instances  to  place  the  incubator  test 
on  a  more  practical  basis,  by  imitating  in  the  laboratory  conditions  such  as  obtain 
when  the  efliucnt  is  discharged  into  the  watercourse.  This  was  effected  by  diluting 
the  sample  with  varying  volumes  of  river  water,  corresponding  to  the  dilution  obtainable 
in  practice,  following  which  the  sample  was  incubated  at  summer  temperature  for  a 
number  of  days.  Thus  Adency'^  suggests  the  dilution  of  the  sample  with  river  water 
before  incubation.  At  Manchester,'*  it  has  been  the  practice  for  some  time  to  incubate 
mixtures  of  the  efiluents  and  canal  water.  Clark'*  mixes  equal  volumes  of  effluent 
with  tap  water,  and  determines  the  amount  of  dissolved  oxygen  before  and  after  in- 
cubation for  five  days  at  80°  F.  In  conjunction  with  this  test  he  uses  the  two-minute 
oxygen  consumed  test  already  referred  to,  together  with  determinations  of  the  amount 
of  nitrites  and  nitrates  present  before  and  after  incubation.  Dunbar  and  Thumm" 
incubate  the  sample  for  one  week  in  closed  flasks  at  68°  F.,  note  the  formation  of  odors, 
and  determine  the  presence  of  hydrogen  sulphide  with  load  acetate  paper. 
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The  above  is  a  necessarily  somewhat  incomplete  digest  of  published  Hterature 
bearing  upon  the  incubator  test  for  the  determination  of  putrcscibility.  As  is  gen- 
erally recognized,  all  of  these  tests,  while  yielding  results  of  definite  value,  fall  short 
of  the  most  practical  requirements,  since  the  results  obtained  by  these  methods  are  not 
immediately  available  for  the  guidance  of  the  sewage  works  operator. 

Results  of  the  studies  at  Columbus  on  the  incubator  test.  — ■  In  a  critical  study  of 
the  incubator  test  and  its  various  modifications  at  the  Columbus  Sewage  Testing 
Station,  we  first  turned  our  attention  to  a  means  of  reducing  the  period  of  incubation. 
By  adopting  a  temperature  of  37°  C,  we  were  able  in  a  majority  of  cases  to  obtain  the 
same  results  as  when,  at  lower  temperatures,  periods  of  incubation  of  several  days 
were  employed.  Many  determinations  indicated  that  if  odors  did  not  develop  after 
24  hours  at  37°  C,  they  would  also  not  be  apparent  after  five  days  at  27°  C.  The 
relation  between  the  period  and  the  temperature  of  incubation  in  effecting  putrefactive 
changes  is  clearly  shown  in  the  following  table: 

TABLE  I. 

Effect  of  Temperatcre  and  Period  of  Incubation  on  the  Rapidity  of  the  Development  of 
Putrescence  in  Sewage  Effluents. 


Character  of  Device 

Coarse-Grain 
Filter 

High  Rate 
Sand  Filter 

Temperature  of  incubation,  deg.  C 

27 

37 

27 

37 

S 
117 

I 
108* 

S 
21 

18* 

Per  cent  which  positive  results  obtained  at  37°  C. 
at  27°  C 

were  of  those  obtained 

92 

86 

*The  balance  of  the  samples  incubated  at  37°  C.  gave  positive  results  at  the  end  of  48  hours. 

Our  studies  of  the  incubator  test  at  Columbus,  as  outlined  above,  have  shown 
that  the  period  of  incubation  may  be  ad\'isedly  reduced  to  24  hours,  pro\'ided  a  tem- 
perature of  incubation  of  37°  C.  (98.5°  F.)  be  used,  since  about  90  per  cent  of  the 
samples  incubated  at  48  hours  at  this  temperature  developed  odors  of  putrefaction  in 
24  hours. 

SPECIAL   CHEMICAL     TESTS     FOR     DETERMINING     THE     PRESENCE     OF 
PUTRESCIBLE    COMPOUNDS   IN   SEWAGE  EFFLUENTS. 

Attempts  have  been  made  to  determine  by  direct  chemical  tests 
the  putrescibihty  of  sewage  effluents.  Spitta'®  suggests  that  by 
adding  to  the  sample  enough  methylene  blue  to  impart  a  faint  color, 
putrescible  samples  will  quickly  and  completely  discharge  the  blue 
color  when  incubated  for  a  few  hours  at  a  temperature  of  72°  to  79°  F. 
Fowler'^  has  suggested  that  this  test  has  quantitative  possibilities 
which  have  yet  to  be  worked  out. 

In  the  Columbus  studies,  consideration  was  given  to  this  test, 
as  well  as  to  others,  whereby  the  presence  of  albuminous  and  proteid 
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matters  might  be  directly  determined.  From  a  study  of  the  methy- 
lene blue  test,  we  have  found  that  oftentimes  there  would  be  present 
substances  other  than  putrescible  organic  matters,  such  as  sulphide 
of  iron  and  hydrogen  sulphide,  which  would  immediately  discharge 
the  blue  color,  before  the  putrescible  matters  were  able  to  act. 

The  other  tests  studied  in  this  connection  included  the  biuret 
reaction'"  and  the  use  of  ]Millon's  reagent,^'  whereby  it  was  thought 
that  the  presence  of  undecomposed  albuminous  substances  could  be 
detected.  After  an  extended  trial  it  was  found  that  these  tests  did 
not  distinguish  between  putrescible  and  non-putrcscible  substances; 
chiefly,  it  is  thought,  because  putrescible  substances  are  not  confined 
wholly  to  the  albuminoid  class. 

In  addition  to  these  studies,  attempts  were  made  to  determine 
the  putrescibility  of  an  effluent  by  measuring  its  propensity  to  ab- 
sorb oxygen  from  chemical  oxidizing  agents.  First  among  these, 
iodine  and  hydrogen  peroxide  were  studied.  While  it  is  true  that, 
in  connection  with  the  use  of  all  chemical  oxidizing  agents,  certain 
complications  arise  in  the  presence  of  inorganic  reducing  agents, 
iodine  and  hydrogen  peroxide  are  reagents  of  such  high  sensibility, 
that  there  are  many  inherent  practical  difficulties  encountered  in 
their  use,  which  bar  them  from  serious  consideration  among  tests 
for  determining  the  propensity  of  the  effluent  to  consume  oxygen. 

In  the  further  work  at  Columbus,  a  method  was  sought  for  the 
determination  of  putrescibility,  which  would  correlate  the  results 
of  the  regular  chemical  analysis  and  the  putrescible  properties  of 
the  effluent.  The  direction  in  which  the  solution  of  the  question 
seemed  to  lie,  as  has  been  previously  noted,  was  in  the  balance  be- 
tween the  oxygen  available  to  offset  the  putrefactive  tendencies  of 
the  effluent,  and  the  actual  amount  of  oxygen  consumed  in  effecting 
this  result.  It  was  considered  that  in  a  certain  degree  the  amount 
of  oxygen  consumed  could  be  referred  to  the  regular  "  oxygen  con- 
sumed "  values  from  permanganate.  Where  the  amount  of  available 
oxygen  exceeded  the  amount  of  oxygen  consumed,  it  appeared  cer- 
tain that  such  conditions  favored  the  ultimate  complete  oxidation  of 
the  unstable  matters  without  accompanying  nuisances. 

In  order  to  obtain  information  on  the  relation  between  the  re- 
sults obtained  by  the  various  "  oxygen  consumed  "  tests,  coincident 
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with  the  putrescibility  of  the  sample  as  referred  to  the  odor  developed 
after  incubation  in  a  tightly  stoppered  bottle  for  24  hours  at  37°  C, 
the  several  tests  were  applied  to  a  large  number  of  samples  collected 
from  various  sources.  The  modifications  in  the  oxygen  consumed 
test  which  were  used  in  this  comparative  study  were  as  follows: 
(a)  The  instantaneous  oxidation  by  permanganate  in  a  cold  acid 
solution;"  (b)  Oxidation  by  permanganate  during  a  three-minute 
period  of  digestion  in  a  cold  acid  solution  ;^^  (c)  Ditto  in  a  15 -minute 
period  of  digestion  ;^^  (d)  Oxidation  by  permanganate  during  a 
period  of  digestion  of  30  minutes  in  boihng  water  ;^^  (e)  Oxidation 
by  permanganate  at  boiling  temperature  during  a  five-minute  period." 
Duphcate  samples  were  also  incubated,  as  above  described,  and 
their  putrescibihty  determined  by  the  odor  test.  The  results,  which 
are  given  in  the  following  table,  indicate  that  the  relative  amounts 
of  "  oxygen  consumed,"  as  shown  by  the  modified  methods  accord- 
ing to  which  the  more  rapid  determinations  are  made,  are  naturally 
greater  in  the  putrescible  than  in  the  non-putrescible  samples.  The 
more  prolonged  and  higher  temperature  tests  simply  serve  to  empha- 
size these  differences. 


TABLE  2. 

Comparison  or  Ox-iOEN  CoNSUiizD  Results  Obtained  by  Difterext  Methods  of   Analysis  rs 

Putrescible  and  Xon-Putrescible  Samples. 


Oxvtjen  Consumed 

Relation  of  Results 

Parts  per 

Milhon 

bv  Other 

Time  of 

Tempera- 

Methods to  Those 

Method 

Contact 

ture, 

Putres- 

Non- 

Obtained  bv  the 

(Minutes) 

Deg. 

cible 

Putrescible 

Boston  Method 

F 

Samples 
a 

Samples 
b 

a           I           b 

Immediate 

I 

80 

3-S 

i-S 

0.17 

0.21 

English 

3 

80 

4-2 

1-4 

0.20 

0.20 

English 

15 

80 

9-7 

2-5 

0-46 

0-3S 

Boston 

5 

Boiling 

20.9 

7-2 

1. 00 

1. 00 

Palmer 

30 

44-7 

12.0 

2.13 

1.67 

RELATION    OF    THE    COMPOSITION    OF    A    SEWAGE    EFFLUENT    TO    ITS 

STABILITY. 

Unstable  organic  and  inorganic  matter.  —  Putrescibility  may  be 
due  to  the  presence  of  complex  bodies  of  cither  animal  or  vegetable 
origin,  depending  entirely  upon  the  character  of  the  raw  sewage. 
The  relative  amounts  of  these  two  classes  of  organic  matter  are 
roughly  indicated  by  the  amounts  of  organic  nitrogen,  and  "  oxygen 
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consumed,"  respectively.  Since  the  same  amounts  of  nitrogen  or 
oxygen  consumed  may  be  present  in  one  case  in  a  crude  sewage, 
and  in  another  in  a  stable  effluent,  it  is  clear,  as  pointed  out  by  Dun- 
bar and  Thumm,''  that  it  is  the  relative,  and  not  the  absolute,  amount 
of  organic  matter  in  sewage  before  and  after  purification,  that  is 
to  be  taken  as  the  criterion  for  the  consideration  of  questions  relating 
to  putrescibility. 

The  breaking-down  by  hydrolysis  of  the  complex,  highly  organ- 
ized bodies  containing  sulphur  gives  rise  to  the  formation  of  con- 
siderable amounts  of  sulphureted  hydrogen.  Sulphur  in  this  form 
rarely  occurs  in  sewage  effluents,  however,  since  the  iron  in  the  crude 
sewage,  or  in  the  filtering  material,  combines  with  the  sulphureted 
hydrogen  to  a  sulphide,  which  is  ultimately  oxidized  to  sulphate  in 
effluents  which  are  normally  stable.  In  fact,  the  absence  of  sulphide 
of  iron  in  the  effluent'*  may  be  taken  as  an  indication  of  the  adequacy 
of  the  aeration  facilities  within  the  filter;  and  further,  perhaps  of 
more  moment  for  the  putrescibility  question,  sulphide  of  iron  will 
not  develop  in  an  effluent  when  stored,  provided  the  conversion  to 
a  stable  form  of  the  organic  matter  therein  has  been  sufficiently 
completed  in  the  filter.  The  putrefactive  tendencies  of  a  sewage 
effluent  thus  refer  to  unstable  organic  bodies  which  are  generally 
found  to  be  coincident  with  the  presence,  or  the  subsequent  forma- 
tion, of  sulphide  of  iron. 

THE   AVAILABILITY   OF   OXYGEN   OF   DIFFERENT   KINDS   AS   FOUND   IN 
SEWAGE   EFFLUENTS. 

In  the  case  of  some  of  the  rapid  processes,  a  very  considerable 
proportion  of  the  purification  effected  by  rapid  filters  of  coarse  ma- 
terial may  be  said  to  take  place  under  anaerobic  conditions,  and 
through  agencies  in  which  oxygen  is  not  directly  concerned.  But, 
as  has  already  been  mentioned,  the  great  majority  of  causes  under- 
lying putrcscible  conditions  in  sewage  effluents  refer  to  a  supply  of 
oxygen  within  the  filter  insufficient  to  cfi"cct  the  changes  which 
bring  about  stable  conditions  in  the  effluent. 

Availabilily  oj  gaseous  oxygen  and  oxygen  combined  with  nitro- 
gen. —  In  a  sewage  effluent  there  are  two  sources  of  oxygen,  which 
the  studies  of  a  number  of  workers  besides  ourselves  have  shown 
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to  be  available  for  the  protection  of  the  effluent  against  putrefaction. 
These  are  dissolved  gaseous  oxygen,  and  the  oxygenated  compounds 
of  nitrogen,  nitrogen  pentoxide  (N^Oe,),  and  nitrogen  trioxide 
(N2O3),  commonly  spoken  of  as  nitrate  and  nitrite  oxygen,  respec- 
tively. RideaP  says  that  the  "  available  oxygen  "  is  that  present 
as  nitrate  and  nitrite,  and  that  the  amount  in  a  satisfactory  effluent 
is  quite  sufficient  to  overcome  putrefaction,  without  the  aid  of  the 
dissolved  oxygen  in  the  stream  into  which  the  effluent  is  discharged. 
By  adding  certain  amounts  of  sodium  nitrate  to  clarified  sewage, 
Adeney  and  Scott-Moncrief^"  take  advantage  of  the  availabihty  of 
oxygen  from  that  source.  Sewage  so  treated,  after  retention  in  a 
tank  for  several  hours,  may  be  discharged  therefrom  in  a  stable 
condition.  During  the  experiments  at  Manchester,"  the  effect  of 
mixing  a  nitrated  and  a  crude  tank  effluent  was  studied  as  a  means 
of  reducing  the  required  acreage  of  the  purification  works.  The 
result  of  these  studies  showed  that,  within  certain  hmits,  a  consider- 
able volume  of  crude  tank  effluent  could  be  rendered  stable  in  this 
manner.  In  experiments  in  which  equal  volumes  of  tap  water  and 
putrescible  sewage  effluent  were  kept  at  summer  temperature  for 
several  days,  Clark^^  showed  a  marked  diminution  in  the  initial 
amounts  of  dissolved  oxygen  and  nitrate  oxygen.  In  non-putres- 
cible  samples,  treated  similarly,  no  such  pronounced  reduction  in 
the  available  oxygen  took  place,  and  an  appreciable  amount  of 
residual  oxygen  was  always  noted.  Fowler"  also  affirms  that  a 
well-nitrated  effluent  is  protected  against  putrefactive  tendencies. 
The  well-known  researches  by  Gayon  and  Dupetit^^  show  that 
marked  decomposition  of  unstable  organic  compounds  is  effected 
by  the  reduction  of  nitrates  by  bacteria.  Similar  observations  have 
been  made  by  numerous  other  observers. 

Availability  oj  other  sources  of  oxygen.  — -There  are  a  number  of 
oxygenated  compounds  in  sewage  effluents,  besides  those  already 
discussed,  which  require  a  passing  comment  regarding  the  availa- 
bihty of  oxygen  from  such  sources  for  overcoming  putrescible  con- 
ditions. Sulphates  and  oxide  of  iron  are  among  those  which  par- 
ticularly suggest  themselves.  The  question  arises,  however,  whether 
we  are  to  regard  oxygen,  chemically  combined  in  such  stable  atomic 
aggregations,  as  available  under  the  reduction  forces  at  work  when 


88       G.  A.  Johnson,  W.  R.  Copeland,  and  A.  E.  Kimberly 

a  but  partially  purified  sewage  undergoes  putrefactive  change. 
While  the  bacterial  reduction  of  sulphate  to  sulphide,  and  of  ferric 
oxide  to  its  ferrous  state,  has  been  noted  by  other  observers,  the  con- 
ditions were  somewhat  different  from  those  encountered  in  studies 
relating  to  the  putrescibility  of  sewage  effluents.  Clark^'  is  of  the 
opinion  that  sulphates  in  sewage  will  undergo  a  considerable  decom- 
position under  septic  conditions,  the  extent  of  their  reduction  in  a 
septic  tank,  in  which  a  period  of  flow  of  about  24  hours  was  main- 
tained, being  shown  as  about  7  per  cent.  Fuller*^  has  shown 
that  in  the  sediment  deposited  from  Ohio  River  water,  prior  to  the 
process  of  the  decomposition  of  the  organic  matter  contained  therein, 
it  is  probable  that  there  took  place  a  reduction  of  the  oxygen  present 
in  the  mineral  compounds,  such  as  sulphates  and  nitrates,  and  a 
reduction  of  ferric  to  ferrous  iron. 

During  the  studies  on  the  putrescibility  question  made  at  the 
Columbus  Sewage  Testing  Station,  such  question  as  these  have  been 
given  a  careful  consideration.  For  the  purpose  of  learning  whether 
any  considerable  reduction  of  the  sulphates,  which  the  Columbus 
sewage  normally  contains,  took  place  under  the  active  reducing 
actions  present  in  septic  tanks,  the  influent  and  the  effluent  of  two 
of  the  septic  tanks  in  operation  at  the  testing  station  were  sampled 
at  half-hourly  and  hourly  intervals,  respectively,  for  a  period  of  one 
week  during  the  month  of  May.  At  the  end  of  that  time  the  various 
portions  were  mixed  and  examined  for  sulphates.  The  results  of 
this  experiment  are  presented  in  Table  3  and  show  conclu- 
sively that  sulphates  (SO J,  present  in  the  applied  sewage  to  the 
extent  of  200  parts  per  million,  did  not  suffer  any  appreciable  reduc- 
tion when  exposed  for  16  and  24  hours,  respectively,  to  the  reducing 
action  incidental  to  the  septic  process  under  local  conditions. 

While,  as  Fuller'*  has  pointed  out,  it  is  probable  that  oxide  of 
iron  will  yield  up  its  oxygen  under  the  conditions  stated,  its  reduction 
imphes  highly  putrescent  conditions  such  as  would  not  obtain  in  an 
effluent  of  ultimate  stability.  It  seems  clear,  therefore,  that  in  over- 
coming putrcscible  tendencies  in  a  sewage  effluent,  only  gaseous 
oxygen  and  oxygen  combined  with  nitrogen  can  be  considered  as 
available  sources  of  oxygen  in  effecting  bacterial  oxidation  to  a 
condition   of  ultimate  stability.     Further,   as  already   noted,   fixed 
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Table  Showing 

TABLE  3. 
THE  Effect  of  Septic  Action  upon  the 

Sulphates 

IN  Crude  Sewage. 

Device 

Parts  Per  Million  SO4 

1 

2 

Average 

Crude  sewage 

16  Hour  septic  tank    

208 
203 
201 

208 
20s 

208 
204 

Note.  —  Method  of  determining  sulphates:     In  boiUng  acidified  solution    precipitated  sulphate 
with  barium  chloride.     Filtered  through  tarred  Gooch  crucible,  ignited,  and  weighed. 

Standards  referring  to  certain  maximum  permissible  amounts  of 
organic  nitrogen,  albuminoid  ammonia,  or  oxygen  consumed,  can- 
not be  taken  as  indications  of  such  conditions. 

METHODS  FOR  THE  DETERMINATION  OF  PUTRESCIBILITY  BASED  UPON 
CURRENT   CHEMICAL   DATA. 

With  a  thorough  knowledge  of  all  the  factors  associated  with  the 
causation  of  putrescibility,  it  would  seem  that  the  results  of  chemical 
analysis  which,  up  to  the  present  time  and  now,  represent  the  extent 
to  which  the  differentiation  of  the  several  constituents  in  the  effluent 
may  be  carried,  should  furnish  also  information  as  to  the  putrescible 
properties  of  a  given  sample.  Considering  introspectively  the  na- 
ture of  the  conditions  under  which  putrescibility  takes  place,  and 
studying  carefully  also  the  factors  which  are  instrumental  in  pre- 
venting the  putrescent  reorganization  of  unstable  organic  matter, 
we  are  forced,  Hke  others,  to  the  conclusion  that  the  putrescibiUty 
factor  narrows  itself  down  to  the  amount  of  oxygen  available  for 
aerobic  decomposition. 

The  oxygen  consumed  results,  as  obtained  by  the  standard 
five-minute  boiHng  method,^*  measure  fairly  accurately  the  amount 
of  oxygen  consumed  in  the  oxidation  of  the  unstable  matter  present 
in  the  sample.  Since  the  reactions,  as  a  result  of  which  the  ultimate 
reorganization  of  crude  organic  matter  takes  place  under  aerobic 
conditions,  are  subject  to  the  uncertainties  incidental  to  the  action 
of  bacteria,  it  would  seem  inadmissible  to  infer  that  the  amount  of 
oxygen  necessary  to  complete  the  oxidation  of  the  putrescible  organic 
constituents  of  the  sewage  effluent,  as  indicated  by  chemical  oxidiz- 
ing agents,  would  be  the  same  as  that  necessary  for  the  accomplish- 
ment of  the  oxidation  of  such  matter  by  bacteria.     It  seems  certain, 
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therefore,  that  the  most  probable  direction  in  which  would  he  the 
satisfactory  interpretation  of  "  oxygen  consumed  "  results,  with  re- 
spect to  the  premises  of  putrescibility,  refers  to  the  establishment 
of  a  relation  between  the  oxygen  absorbed  from  permanganate  and 
its  bacterial  equivalent. 

The  oxygen  available  in  a  sewage  effluent  to  offset  its  putrescible 
tendencies,  as  has  already  been  pointed  out,  is  the  amount  of  oxygen 
present  in  the  sample  in  a  dissolved  gaseous  state  and  that  combined 
with  nitrogen  in  the  form  of  nitrate  and  nitrite.  A  measure  of  the 
putrescible  tendencies  of  an  effluent  may  be  closely  estimated  from 
the  amount  of  oxygen  absorbed  from  permanganate  during  a  three- 
minute  digestion  of  the  sample  in  a  cold  acid  solution.  This  feature 
has  been  put  forward  many  times  before  by  other  workers,  and  it 
is  merely  our  desire  at  this  time  to  record  the  fact  that  our  work 
confirms  the  stabihty  of  their  conclusions.  We  desire  to  emphasize 
the  fact,  however,  that  in  some  instances  this  may  not  be  absolutely 
true,  but  for  the  majority  of  cases  we  believe  that  such  is  the  case. 
Further,  the  results  of  our  studies  lead  us  to  feel  that  under  average 
conditions  there  is  an  intimate  relationship  existing  between  the  three- 
minute  cold  test,"  and  the  five-minute  boil  test.^"  In  Table  2  it  was 
clearly  shown  that  the  former  value  was  one-fifth  of  the  latter. 

It  is  the  available  oxygen  contained  in  the  effluent  in  the  form 
of  dissolved  oxygen  and  oxygen  combined  as  nitrates  and  nitrites, 
which  may  be  said  to  serve  as  a  protecting  agent  in  preventing  the 
establishment  of  putrescent  conditions.  Our  studies  indicate  that 
the  existing  relation  between  the  oxygen  absorbed  from  permanganate 
in  cold  acid  solutions  in  a  period  of  three  minutes  —  or  a  similar 
"  oxygen  consumed  "  value  obtained  by  dividing  the  result  of  the 
five-minute  boil  test  by  five  —  and  the  available  oxygen  which  the 
effluent  contains,  may  furnish  a  satisfactory  means  whereby  the 
oxygen  required  and  available,  respectively,  may  be  placed  upon 
a  comparable  basis. 

RELATIVE     AVAILABILITY      OF      DISSOLVED      OXYGEN      AND     OXYGEN 

COMBINED    WITH    NITROGEN    IN    THE    NEUTRALIZATION    OF 

PUTRESCIBLE    TENDENCIES    IN    SEWAGE    EFFLUENTS. 

In  our  studies  of  the  putrescible  qualities  of  sewage  effluents,  and 
those    factors  which    serve   to   prevent    putrescence,    certain    facts 
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were  brought  out  with  considerable  distinctness.  We  desired  to 
learn  if  a  fairly  definite  relationship  existed  between  the  consumed 
and  the  available  oxygen,  as  indicated  by  the  results  obtained  through 
the  medium  of  certain  "  oxygen  consumed  "  methods,  and  by  the 
amounts  of  oxygen  contained  in  the  effluent  which  could  be  properly 
considered  as  available  for  the  prevention  of  putrescent  conditions. 
A  large  number  of  tests  were  made  to  determine  the  "  oxygen  con- 
sumed "  by  the  three-minute  cold  and  the  five-minute  boil  meth- 
ods, respectively,  together  with  the  amount  of  available  oxygen  con- 
tained in  the  effluents  of  the  various  devices  under  study  at  the 
Sewage  Testing  Station.  The  results  of  these  studies  brought  out 
the  fact  that  there  does  exist  a  more  or  less  definite  relation  between 
the  amount  of  oxygen  consumed,  as  determined  by  chemical  tests, 
the  dissolved  oxygen,  and  that  available  through  bacterial  action  from 
the  nitrates  and  nitrites  which  the  effluent  contains.  In  the  course  of 
these  studies,  carried  on  side  by  side  with  incubator  tests,  we  were 
inclined  to  believe  that  in  cases  where  the  oxygen  consumed,  as 
shown  by  the  chemical  tests  described  above,  was,  before  incuba- 
tion, less  than  the  amount  of  available  oxygen  computed  from  the 
amount  of  dissolved  oxygen  and  from  those  amounts  available  from 
nitrites,  and  nitrates,  respectively,  such  an  effluent  would  not  putrefy 
on  incubation;  and  such,  in  the  majority  of  cases,  has  turned  out  to  be 
the  case. 

To  place  such  deductions  as  these  on  a  stable  basis,  we  realize 
that  a  definite  statem.ent  is  required  as  to  the  respective  coefficient 
of  availability  of  oxygen  dissolved  in  the  effluent  in  the  free  gaseous 
form,  and  that  present  in  combination  with  nitrogen  in  the  form  of 
nitrate  and  nitrite.  In  this  connection  we  have  already  noted  that 
sprinkling  filters  yield  at  times  a  putrescible  effluent  which,  while 
not  well  nitrified,  may  still  contain  amounts  of  dissolved  oxygen 
sufficiently  great  to  prevent  the  establishment  of  putrescent  condi- 
tions, if  the  availability  coefficient  of  dissolved  oxygen  were  unity. 
That  the  reverse  has  been  found  to  obtain  in  many  instances  is 
shown  by  the  results  presented  in  the  next  table.  These  data  are 
representative  of  many  similar  cases,  where,  under  the  same  con- 
ditions with  respect  to  the  content  of  the  effluent  in  organic  nitrogen 
and  oxygen  consumed,  the  effluent  was  clearly  putrescent  after  in- 
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cubation.  In  these  cases,  while  the  nitrate  and  nitrite  oxygen  were 
present  in  low  quantity,  the  amount  of  gaseous  oxygen  dissolved  in 
the  effluent  was  high.  Dissolved  oxygen  plays  such  an  important 
part  in  the  disposal  of  sewage  in  flowing  streams  by  preventing 
putrescent  conditions  therein  that  such  results  as  these,  in  the  ab- 
sence of  more  extended  evidence,  are  clearly  to  be  regarded  as  ab- 
normal. It  is  therefore  the  desire  of  the  writers  merely  to  suggest 
the  possibility  that  such  conditions  may  arise  in  the  case  of  sprink- 
Hng  filter  effluents  with  the  thought  that  perhaps  further  investiga- 
tion under  a  different  set  of  conditions  may  satisfactorily  explain 
them. 


TABLE  5- 
Availability  of  Dissolved  Oxygen. 


Parts  per  Million 

Oxygen  Consumed  (s 

Mdj. 

putrescibilitv 
Test  by  Odor 
AFTER  Incuba- 

BoiL-^s)   Was    to  0> 
Available  from: 

rVGEN 

Oxygen  Consumed 

Available  Oxygen 

Combined 

with 
Nitrogen 

Total 

tion 

S  Mill. 
Boil-^S 

3  Min 
Cold 

Dissolved 

Dis- 
solved 

Combined  with 
Nitrogen 

Total 

7-6 

6-S 

7-1 

4.1 

II. 2 

-t- 

1:0.93 

1:0.54 

1:1.47 

6.6 

6.3 

3-5 

5 

2 

8.7 

-f 

0-53 

0.79 

1-32 

6.0 

6.0 

5-2 

2 

4 

7-6 

-t- 

0.87 

0.40 

1.27 

S-6 

5-8 

5-7 

I 

6 

7-3 

-+- 

1.02 

0.29 

1-31 

6.0 

5-5 

7-3 

I 

S 

8.8 

-f- 

1.22 

0.2s 

1-47 

5-2 

5-7 

6.6 

3 

I 

9-7 

-1- 

1.27 

0.60 

1.87 

5-8 

5-5 

8-3 

2 

o 

I0.3 

-1- 

1-43 

0-35 

1-78 

5-4 

6.0 

8-4 

2 

5 

lo.g 

-f 

i.=;6 

0.46 

2.02 

5-0 

5-5 

8-3 

2 

7 

II  .o 

? 

1.66 

0.54 

2.20 

In  the  following  table  the  amount  of  oxygen  consumed  is  repre- 
sented both  by  the  results  of  the  five-minute  boil  method,  and  the 
three-minute  cold  method.  In  the  computations  of  the  amount  of 
consumed  oxygen  the  corrected  results  of  the  five-minute  boil  method 
are  used,  for  the  reason  that  it  appears  to  us  a  somewhat  more  re- 
liable method  for  indirectly  measuring  the  amount  of  oxygen  con- 
sumed by  the  easily  oxidizable  matter  in  a  sewage  effluent.  The 
three-minute  test,  to  our  thought,  possesses  a  considerable  weakness 
in  that  it  emphasizes  disproportionately  the  value  of  inorganic  com- 
pounds of  ready  oxidizability.  Further,  the  technique  entailed 
by  this  method  is  somewhat  more  delicate  than  that  employed  in 
the  five-minute  boil  method,  and  subject  to  somewhat  greater  possi- 
bilities of  inaccuracy. 
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TABLE  6. 

Selected  Results  of  Putrescibility  Tests  Illustrative  of  the  Varl^ble  Value  of  the  Several 
Available  Forms  of  Oxygen. 


:r'^-.'^ 

Parts  per  Million 

Putresci- 

Oxygen Consumed 

-^  "-1  0  c 

sg-i  5 

bility 

(S  MiN 

Boil -^5)  Was  to 

<  cr^  S 

Oxygen  Consumed 

Available  Oxygen 

Test  by 
Odor 

Oxygen  Available  from: 

ent 
1  Inc 
lyD 
ityo 

"  S  Eo 

after  In- 

™ crO 

S  Min. 

3  Min. 

Dis- 

Combined 
with 

Total 

cubation 

Dis- 

Combined 
with 

Total 

oSg 
Co  0- 

Boil 

Cold 

solved 

Nitrogen 

solved 

Nitrogen 

S  3  7- 

3-2 

2.8 

1-7 

I.O 

2.7 

+ 

1  :  0.53 

I  :  0.31 

I  :  0.84 

4-2 

3 

9 

7-4 

7-0 

14.4 

? 

1.76 

1.67 

3-43 

5-6 

4 

6 

CO 

5-1 

5-1 

-1- 

0.00 

0.91 

0.91 

7-2 

9 

2 

6.2 

0-9 

7-1 

-1- 

0.86 

0.12 

0.98 

2.8 

7 

7 

3-6 

S-I 

8-7 

0 

1.29 

1.82 

3-II 

3-2 

4 

S 

O.I 

2-5 

2.6 

•4- 

0.03 

0.78 

0.81 

3-2 

3 

4 

CO 

3.8 

3.8 

? 

coo 

1. 19 

1.19 

S-0 

3 

8 

7-7 

2.7 

10.4 

? 

I -54 

O.S4 

2.08 

4-6 

13 

9 

2.  I 

2.9 

S-o 

? 

0.46 

0.63 

1.09 

4.2 

6 

8 

1.6 

4-9 

6-5 

? 

0.38 

1.17 

i-SS 

3-8 

3 

2 

8.4 

2-3 

10.7 

+ 

2.21 

0.61 

2.82 

* 

S-o 

S 

3 

0.2 

3-5 

3-7 

+ 

0.04 

0.70 

0.74 

9-8 

3 

7 

6.4 

8.0 

14.4 

+ 

0.65 

0.82 

1-47 

* 

4-0 

3 

4 

7-9 

6.8 

14.7 

? 

1-97 

1.70 

3-67 

5-8 

lO 

6 

4-3 

1-7 

6.0 

+ 

0-74 

0.29 

1.03 

* 

3.6 

4 

0 

O.I 

3-0 

3.1 

+ 

0.03 

0.83 

0.86 

7-2 

8 

8 

5-3 

5-5 

10.8 

+ 

0.74 

0.76 

1.50 

* 

4-4 

4 

2 

6-7 

4.1 

10.8 

? 

1-52 

0.93 

2.45 

3-6 

3 

5 

1. 1 

4-7 

5-8 

0 

0.31 

1-30 

1. 61 

S-2 

5 

o 

3.6 

1-4 

5-0 

? 

0.69 

0.27 

0.96 

3-2 

3 

4 

6.8 

7.6 

14.4 

? 

2.13 

2.37 

4-SO 

3-2 

3 

6 

o.o 

S-8 

5.8 

0 

coo 

i.8i 

1. 81 

4-8 

4 

2 

4.7 

5-6 

10-3 

-t- 

0.98 

1.17 

2. IS 

§ 

3-4 

3 

7 

0.6 

3-9 

4-5 

0 

0.18 

1T14 

1.32 

2.2 
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disappearing. 


—  +  =  Odor  like  H^S,  strong  and  lasting.     ?  =  Ditto,  but  very  faint  and   immediately 
O  =  No  offensive  odor.    *   =  Dissolved  oxygen.     §  =  Oxygen  combined  with  N. 


THE  RAPID  ESTIMATION  OF  THE  PUTRESCIBILITY  OF  SEWAGE 
EFFLUENTS. 

From  a  practical  standpoint  no  information  regarding  the  effi- 
ciency of  a  sewage  filter  is  so  promptly  required  as  is  knowledge  of 
the  putrescibility  of  the  effluent.  The  methods  in  use  at  this  time 
for  the  determination  of  this  feature  generally  include  a  period  of 
incubation  of  from  five  to  seven  or  more  days.  There  is  an  urgent 
need,  however,  as  is  recognized  by  all,  of  a  method  which  will  per- 
mit of  at  least  an  approximation  of  the  putrescible  character  of  the 
effluent  of  a  filter,  and  which  will  yield  information  sufficiently 
accurate  to  make  possible  opportune  changes  in  operating  proced- 
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ures  whereby  the  character  of  the  effluent  may  be  improved  at  once, 
instead  of  several  days  after  it  has  commenced  to  deteriorate.  In 
the  light  of  present  knowledge  on  the  subject,  it  would  be  unreason- 
able to  expect  a  method  to  be  found  for  this  purpose  which  would, 
at  all  times  and  under  all  conditions,  yield  an  absolutely  correct 
result;  but  the  results  of  our  studies  lead  us  to  conclude  that  an 
idea  of  the  putrescible  character  of  a  sewage  effluent,  sufficiently 
accurate  for  all  ordinan,^  purposes,  may  be  secured  in  the  space  of 
an  hour,  or  so,  as  follows: 

Determination  of  putrescibility  by  computatioti  from  the  chemical 
data. — The  analytical  data  required  include  the  "oxygen  con- 
sumed "  by  the  five-minute  boil  method,  the  nitrogen  as  nitrite 
and  nitrate,  respectively,  and  the  dissolved  oxygen.  The  oxygen 
consumed  is  estimated  by  dividing  the  "  oxygen  consumed  "  by 
five.  This  factor  represents  the  coefficient  whereby  the  "  oxygen 
consumed  "  result  may  be  converted  to  its  bacterial  equivalent,  or 
the  value  indicating  the  amount  of  consumed  oxygen.  The  amount 
of  available  oxygen  is  determined  by  converting  the  nitrogen,  as 
nitrite  and  nitrate,  respectively,  to  oxygen,  by  multiplying  the  nitro- 
gen value  of  these  two  constituents  by  the  factors  1.71  and  2.86, 
respectively,  representing  the  relative  amounts  of  oxygen  combined 
with  nitrogen  in  these  two  forms.  The  sum  of  the  oxygen  available 
from  these  nitrogen  compounds,  together  with  a  somewhat  uncertain 
proportion  of  the  dissolved  oxygen,  represents  the  real  active  agent 
in  the  prevention  of  putrescent  conditions  in  a  sewage  effluent. 

With  the  data  above  outlined  at  hand,  we  feel  that  it  is  admissible 
to  interpret  the  putrescibility  of  an  effluent  in  the  following  manner: 

First,  when  the  consumed  oxygen  value  is  equal  to  or  in  excess 
of  the  amount  of  dissolved  oxygen  in  the  effluent,  and  no  nitrates 
or  nitrites  are  contained  therein,  the  sample  will  putrefy. 

Second,  when  the  consumed  oxygen  value  is  equal  to  or  slightly 
less  than  the  amount  of  oxygen  contained  in  the  effluent  in  the  form 
of  nitrates,  nitrites,  and  dissolved  oxygen,  the  sample  may  or  may 
not  putrefy. 

Third,  when  the  consumed  oxygen  value  is  less  than  the  oxygen 
contained  in  the  effluent  in  the  form  of  nitrates  and  nitrites,  under 
ordinar)'  circumstances  the  sample  will  not  putrefy. 
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Such  are  the  relations  which  our  results  indicate  as  existing  be- 
tween the  constituents  of  chemical  analysis  and  putrescibility.  While 
we  have  found  that  such  deductions,  as  outlined  above,  admitted  of 
quite  extended  application  to  conditions  obtaining  at  Columbus, 
we  do  not  wish  to  be  misunderstood  as  contending  that  these  pro- 
visional criteria  of  putrescibility  will  prove  to  be  of  general  applica- 
bility, under  the  great  variety  of  conditions  encountered  in  the  prac- 
tical control  of  sewage  works.  We  feel,  however,  that  the  knowledge 
gained  in  these  studies  possesses  considerable  suggestive  value, 
which  may  possibly  serve  as  a  basis  for  future  studies  along  similar 
hnes. 

The  chemical  tests  involved  in  the  rapid  estimation  of  putres- 
cibility, as  outlined  above,  are  such  that  the  services  of  a  competent 
analyst  will  be  required  in  connection  with  the  sewage  works  where 
such  tests  may  prove  to  be  applicable.  In  small  works,  where  the 
expense  of  such  a  man  might  be  considered  as  prohibitive,  the  in- 
cubator tests  may  be  employed  to  afford  the  desired  information. 
In  this  connection  we  desire  to  call  attention  to  the  feasibility  of  em- 
ploying a  period  of  incubation  of  24-48  hours  at  37°  C,  instead  of 
the  longer  periods  at  lower  temperature  in  more  or  less  general  use 
at  the  present  time. 

In  conclusion  the  writers  desire  to  acknowledge  the  courtesy  of 
Mr,  Julian  Griggs,  chief  engineer  of  the  Board  of  Public  Service, 
in  permitting  the  use  of  data  embodied  in  this  paper.  They  desire 
further  to  make  acknowledgment  of  the  suggestions  and  criticisms 
offered  by  Mr.  George  W.  Fuller,  who,  as  one  of  the  consulting  en- 
gineers to  the  city  of  Columbus  on  sewage  disposal  matters,  has 
closely  followed  the  work  herein  described  from  its  conception, 
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A    COMPARATIVE    REVIEW    OF    CURRENT    METHODS 

FOR   THE    DETERMINATION    OF    ORGANIC 

MATTER  IN   SEWAGE. 

George  A.  Johnson  and  A.  Elliott  Kimberly. 

Columbu^j,  Ohio. 

During  the  past  five  years,  largely  through  the  efforts  of  the 
Committee  on  Standard  Methods  of  the  American  PubHc  Health 
Association/  methods  for  the  determination  of  organic  matter  in 
sewage  have  been  placed  upon  a.more  definite  and  uniform  basis  than 
was  formerly  the  case.  The  Committee,  while  specifying  certain 
methods  as  standard  methods,  are  yet  cognizant  of  the  considerable 
variability  in  the  practice  in  different  places  in  this  country,  and  the 
difficulties  attending  radical  changes  in  existing  methods  in  the  case 
of  the  older  and  long-established  laboratories. 

With  the  view  of  bringing  these  different  methods  together  in  con- 
cise form,  it  is  the  purpose  of  the  writers  to  compare  briefly  the  cur- 
rent practices  in  use  in  the  different  laboratories  in  this  country,  in 
England,  and  in  Germany.  The  discussion  will  be  confined  to  the 
Kjeldahl  process,  the  determination  of  nitrogen  as  free  ammonia, 
oxygen  consumed,  and  loss  on  ignition. 

METHODS   FOR  THE   DETERMINATION  OF  THE  UNOXIDIZED  NITROGEN. 

The  Kjeldahl  process. — In  the  absence  of  a  method  whereby  there 
may  be  obtained  an  accurate  knowledge  of  the  character  and  actual 
amount  of  the  nitrogenous  compounds  which  are  normally  present 
in  sewage  of  domestic  origin,  the  Kjeldahl  process  furnishes  well- 
nigh  indispensable  information  regarding  the  amount  of  nitrogen 
which  occurs  in  sewage  in  complex  atomic  aggregations.  This 
process,  in  use  to  some  extent  for  a  number  of  years,  has  finally 
become  quite  generally  recognized  as  the  most  rehable  means  of 
determining  the  nitrogen  of  the  organic  matter,  and  as  such  has  been 
recommended  as  a  standard  method  for  sewage  work. 

Standard  American  method. — The  prescribed  method  for  the  determination  of 
the  total  organic  nitrogen  in  sewage  embodies  one  or  more  of  the  saUent  features  of 
the  procedures  used  by  Drown  and  Martin,  Hazen.^  and  in  England. 3     In  the  standard 
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method,  the  nitrog.-n  as  free  ammonia  is  first  removed  by  distillation  with  steam,  fol 
lowing  which  the  sample  is  digested  with  sulphuric  acid  until  colorless;  a  small  crj'sta 
of  potassium  permanganate  is  added,  the  digestate  made  alkaline  with  an  excess  of 
sodium  carbonate,  and  finally  diluted  to  a  volume  of  500  c.c.  A  suitable  volume  of  this 
solution  is  then  distilled  with  steam,  and  the  ammonia  evolved  determined  in  the  usual 
manner.  Catalytic  agents  are  not  used  in  this  method,  and  no  steps  are  taken  for  the 
preliminar}-  reduction  of  nitrified  nitrogen. 

English  methods. — The  methods  of  analysis  described  by  Fowler,3  by  Rideal,4 
and  employed  by  McGowans  may  be  taken  as  representative  of  English  practices  in 
sewage  analysis. 

McGowan  and  his  associates  have  used  the  Kjeldahl  process  to  a  considerable 
e.xtc-nt  to  determine  both  the  total  uno.xidized  and  organic  nitrogen  in  sewage.  Their 
methods  include  both  distillation  and  a  direct  nesslerization  of  the  neutralized  digestate. 
Their  practice  in  regard  to  the  Kjeldahl  process  is  essentially  different  from  that  in 
common  use  in  this  country,  in  that  a  reduction  of  nitrate  nitrogen  is  considered 
necessar}'.  This  is  effected  by  a  very  slow  reduction  with  zinc  and  sulphuric  acid, 
requiring  five  days  for  its  completion.  Their  reports  distinctly  state  that  when  the 
reduction  is  omitted,  or  when  a  shorter  period  than  five  days  is  employed,  loss  Of 
nitrogen  is  inevitable. 

A  direct  process  described  by  them  involves  a  neutralization  of  the  digestate,  and 
the  addition  of  sodium  oxalate  for  the  removal  of  the  calcium,  following  which  a  suit- 
able portion  of  the  settled  solution  is  diluted  and  nesslerized.  This  method  is  not 
recommended  by  McGowan  for  general  use,  owing  to  the  liability  to  turbid  tubes, 
and  to  the  necessity  of  preliminarj'  reduction  of  nitrates  before  the  actual  Kjeldahl 
digestion  is  attempted.  Rideal,*  however,  describes  a  direct  method  of  which  he 
thinks  well,  without  commenting  upon  the  necessity  for  preliminary  reduction  of 
nitrate  nitrogen.  The  tediousness  of  McGowan's  method  obviously  detracts  from  its 
value  for  practical  routine  work. 

German  methods. — From  the  works  of  Farensteiner,  Buttenburg,  and  Korn,7  and 
the  reports  of  the  Royal  Bureau  of  Sewage  Disposal  at  Berlin, ^  we  learn  that  the 
Kjeldahl  process  is  there  regarded  as  of  great  value  in  sewage  work.  The  official 
method  includes  the  destruction  of  all  o.xidized  nitrogen  by  treatment  with  sodium 
sulphite,  ferric  chloride,  and  dilute  sulphuric  acid,  after  which  follows  the  usual  diges- 
tion, neutralization,  and  distillation.  Owing  to  the  high  concentration  of  German 
sewages  the  final  step  is  a  distillation  into  standard  acid  rather  than  nesslerization.  In 
some  cases  catalytic  agents  are  used,  such  as  platinic  chloride  and  copper  oxide,9  or 
copper  sulphate  or  oxide. 1°  The  German  method  of  preliminary  reduction  is  much 
more  satisfactory  than  the  tedious  English  method.  Neither  of  these,  however,  is 
considered  essential  for  American  conditions. 

Phelps'  method. — In  the  work  at  the  .Sewage  Experiment  Station  of  the  Massa- 
chusetts Institute  of  Technolog}',  Phelps^  has  used  a  Kjeldahl  method  wherein  copper 
sulphate  is  employed  as  a  catalyzing  agent  and  permanganate  is  added  at  the  comple- 
tion of  the  digestion.  Phelps  shows  very  clearly  the  necessity  for  carrj'ing  the  diges- 
tion to  a  point  where  a  colorless  solution  will  result,  and  brings  forward  data  as  to 
the  feasibility  of  using  permanganate;  wherefrom  he  concludes  that  permanganate^ 
although  not  essential  in  all  cases,  must  still  be  considered  a  necessary  adjunct  to  the 
reag-nts  used  in  th  •  Kj -Idahl  process  as  employed  by  Palmer."  He  concludes  his 
paper  with  suggestions  in  favor  of  the  feasibility  of  determining  organic  nitrogen  by 
direct  nesslerization  of  the  ammonia  thus  formed. 
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Columbus  method. ^^ — Following  lines  suggested  by  the  English  workers,  a  method 
for  the  direct  nesslerization  of  the  neutralized  digestate  of  the  Kjeldahl  process  was 
developed  at  the  Columbus  Sewage  Testing  Station.  By  applying  the  principles  of 
water  softening,  there  were  eliminated  the  calcium  and  magnesium,  whose  interference 
has  long  been  the  cause  of  the  turbidity  besetting  former  attempts  at  direct  nessleriza- 
tion. The  details  of  the  method  are  given  in  another  paper,  but,  in  brief,  the  neutral- 
ized digestate  is  first  treated  with  an  excess  of  alkali,  sodium  carbonate  is  then  added 
to  precipitate  the  calcium,  and  under  these  conditions  complete  softening  of  the  diges- 
tate results,  allowing  the  clear  yellow  color  of  the  mercury  ammonium  iodide  to  develop 
in  a  normal  manner  upon  the  subsequent  nesslerization  of  a  suitable  portion  of  the 
clarified  digestate.  Potassium  permanganate  is  omitted  on  the  ground  that  manganous 
salts  might  escape  o.xidation  during  the  preparatory  treatment  of  the  digestate,  whereby 
turbid  tubes  would  result  on  nesslerization,  as  experiments  to  cover  this  point  have 
clearly  indicated. 

the  necessity  for  preliminary  reduction  of  nitrates  in  the 
kjeldahl  process. 

Some  published  literature  is  available  on  the  effect  of  nitrate 
nitrogen  upon  the  results  of  the  Kjeldahl  process.  Rideal"*  describes 
experiments  wherein  certain  amounts  of  nitrate  were  added  to  sew- 
ages to  the  extent  of  68  and  136  parts  of  nitrogen  as  nitrate  per 
milhon,  respectively.  To  these  sewages  the  Kjeldahl  process  was 
apphed,  digesting  with  2  c.c.  and  4  c.c.  sulphuric  acid,  respec- 
tively. The  results  of  the  experiment  are  shown  in  the  following 
table,  from  which  the  conclusion  was  drawn  that  the  large  excess  of 
sulphuric  acid  used  in  the  Kjeldahl  process  prevents  loss  of  nitrogen 
by  secondary  decomposition. 

TABLE    I. 

Dr.  Ride.al's  Experiments  as  to  the  Effect  of  Nitrates  upon  the  Results  of  the  Kjet.dahl 

Process. 


Total 

XlTROGEN  BY   KjELDAHL — 

Parts  per  Million 

c.c. 

Sulphuric 

Acid  Added 

Parts 

per 

Million  added     Nitrate 
Nitrogen 

0.0 

68 

136 

425 
410 

350 

375 

300 

Note. — -Sample  strongly  urinous,  contained  350  parts  per  million  nitrogen  as 
free  ammonia. 

Phelps,  in  a  study  of  the  Kjeldahl  process,  has  published  some 
convincing  data  with  regard  to  the  effect  of  nitrates.  He  added 
nitrate  and  nitrite  nitrogen  in  varying  amounts  up  to  40  parts  nitrate 
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and  20  parts  nitrite  per  million,  respectively,  to  samples  of  crude 
sewage,  septic  sewage,  coarse-grain  filter  effluents,  and  sand  filter 
effluents,  and  determined  the  unoxidized  nitrogen  in  the  several 
samples  before  and  after  treatment.  The  results  showed  conclu- 
sively that  no  practical  interference  need  be  looked  for  in  the  examina- 
tion by  the  Kjeldahl  process  of  samples  containing  as  high  as  60  parts 
nitrified  nitrogen  per  million. 

The  writers  have  also  made  experiments  upon  this  point,  deter- 
mining by  the  direct  Kjeldahl  process  the  unoxidized  nitrogen  in 
samples  of  a  settled  sewage  to  which  nitrate  nitrogen  was  added  up  to 
30  parts  per  million.  From  the  results  given  below  it  is  evident  that 
the  effect  of  nitrate  is  practically  negligible. 

TABLE   2. 

Effect  of  Nitrates  upon  the  Results  of  the  Kjeldahl  Process. 
(Average  of  Duplicate  Determinations.) 


Parts  per 
Million  Ni- 

Nitrogen— Parts  per  Million 

trate  Nitro- 
gen Added 

Total- 

As  Free 
Ammonia 

Organic 

15-4 
15-4 
150 
14.6 

6.4 
6.4 
6.4 
6.4 

9.0 
8  6 

8  2 

Note. — o.i  difference  on  standard  is  equivalent  to  0.4  part  per  million  for  50  c.c. 
sample. 

relative  superiority  of  the  kjeldahl  process  over  the 
albuminoid  ammonia  process. 

The  albuminoid  ammonia  process  has  been  in  general  use  foi 
many  years  in  this  country  and  in  England,  but  only  in  recent  years 
has  been  supplanted  in  the  larger  laboratories  by  the  Kjeldahl  pro- 
cess. The  former  process  has,  as  we  all  know,  long  been  recognized 
as  yielding  uncertain  results,  which  represent  only  a  portion  of  the 
total  organic  nitrogen  obtainable  by  the  use  of  the  Kjeldahl  process. 
The  variability  of  the  ratio  between  the  albuminoid  ammonia  and 
the  Kjeldahl  values  was  well  illustrated  by  the  comparative  serial 
analysis  made  during  the  staling  of  a  sample  of  fresh  sewage,  as 
reported  by  Fuller.'^  In  this  case  the  ratio  varied  from  20  per  cent 
to  50  per  cent,  increasing  as  the  septicity  of  the  sewage  increased. 

The  uncertainties  of  the  albuminoid  ammonia  results  have  been 
shown  by  a  number  of  observers.'''  '^  '^  '^  '**  '^  ^° 
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TABLE   3. 

Comparative  Data  Illustrative  of  the  Variability  of  the  Relation  Which  Ai.blminoiu 

Nitrogen  Results  Bear  to  Kjeldahl  Nitrogen. 

CRUDE   sewage. 


Locality 


Observer 


Nitrogen 
Parts  per  Million 


As 

Albuminoid 

Ammonia 


Kjeldahl 


Percentage 
Which  Albu- 
minoid 
Nitrogen  is  of 
Nitrogen  by 
THE  Kjeldahl 
Process 


Lawrence,  Mass.. 
Hopedale,  Mass . . 
Leicester,  Mass.. . 
Manchester,  Eng. 
Manchester,  Eng. 

Belfast,  Eng 

Saltley,  Eng 

Rhea,  Eng 

Hocklay,  Eng. . .  . 
Aston,  Eng 

Columbus,  Ohio* 


Clark 


Fowler 


Letts 
Watson 


Johnson 
and  Kimberlv 


7» 
6.0 

7-2 

IQ.O 

iS-S 
IS -,3 
39- 1 
48.3 
59-7 
92.8 

7-3 


♦Average  of  22  analyses. 

Notes. — Massachusetts  data  compiled  from  Report  Massachusetts  State  Board 
of  Health,  1903.  English  data,  from  Manchester  Reports  and  Royal  Commission 
Reports,  1902,  and  Report  of  Birmingham,  Rhea,  and  Tame  Drainage  Board,  1903 

TABLE  4. 

Comparative  Data  Illustrative  of  the  Variability  of  the  Relation  Which  Albuminoid 

Nitrogen  Results  Bear  to  Kjeld.\hl  Nitrogen. 

septic  sewage. 


Locality 

Observer 

Nitrogen. 
Parts  per  Million 

Percentage 
Which  Albu- 
minoid 
Nitrogen  is'of 

As 

Albuminoid 

Ammonia 

Kjeldahl 

Nitrogen  by 

THE  Kjeldahl 

Process 

Clark 

Fowler 

Johnson 
and  Kimberly 

3-0      ■ 

2.2 

3-3 

4-2 

4.8 

3.6 

7-8 
6.0 
7.2 
19.0 
iS-.S 
6.4 

46 

Manchester,  Eng 

s6 

sewage  sludge. 


Brockton, 
Lawrence, 
Lawrence, 
Lawrence, 
Lawrence, 
Lawrence, 
Lawrence, 


Mass. 
Mass 
Mass 
Mass 
Mass 
Mass 
Mass 


56.0 
13,000.0 
390.0 
633  o 
731 -o 
222.0 
.S30  ■  o 


181 
23,700 

860 
1,190 
1,644 

294 

943 


EFFLUENTS    OF    COARSE-GRAIN    SEWAGE    FILTERS. 


Columbus,  Ohio*  \ 
Columbus,  Ohiot  J  ' 


Johnson 
and  Kimberly 


*Contact  filter,  average  o^  10  determinations. 
tSprinkUng  filter,  average  of  16  determinations. 
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From  Jhe  ^Massachusetts  and  the  Enghsh  reports  the  tables  on 
the  preceding  page  have  been  prepared,  which,  while  necessarily 
incomplete,  may  be  said  to  illustrate  the  great  variabiUty  of  the  ratio 
existing  between  the  results  by  the  two  processes  and  the  inherent 
cause  of  the  dechne  of  the  albuminoid  ammonia  process. 

METHODS  FOR  THE  DETERMINATION  OF  NITROGEN  AS  FREE  AMMONL\. 

There  are  two  methods  for  the  determination  of  nitrogen  in 
sewage  in  the  form  of  ammonium  salts,  namely,  by  distillation  with 
sodium  carbonate  or  magnesia,  or  by  direct  nesslerization.  The 
latter  method  is  rapidly  coming  into  general  use.  A  digest  of  current 
thought  and  practice  in  this  regard  is  as  follows : 

German  method. — This  method  .consists  in  a  clarification  of  the  sample  with  caustic 
soda.  In  certain  cases  zinc  acetate  is  also  added  to  remove  hydrogen  sulphide.  Fol- 
lo^ving  this  preparatory  treatment,  a  suitable  portion  of  the  clear  supernatant  liquid 
is  removed,  diluted  to  50  c.c,  and  nesslerized.  Phelps^°  has  modified  the  method  by 
diluting  the  sample  to  double  its  original  volume  before  adding  the  caustic  soda,  and 
by  using  copper  sulphate  and  lead  acetate  as  coagulants. 

English  method. — Rideak  and  McGowans  describe  a  method  for  direct  nessler- 
ization. Rideal  speaks  highly  of  the  process,  while  McGowan  says  it  cannot  be  used 
in  all  cases,  since  turbid  nesslerized  tubes  result  under  certain  conditions,  especially 
when  hard  eflSuents  high  in  calcium  are  examined.  There  is  an  apparent  lack  of 
harmonious  opinion  in  England  regarding  the  feasibility  of  determining  nitrogen  as 
free  ammonia  by  a  direct  process. 

From  our  standpoint  the  cause  of  the  complications  referred  to  by  McGowan  are 
apparently  due  to  the  lack  of  sufiicient  carbonic  acid  ions  to  precipitate  the  incrusting 
calcium.  In  cases  where  a  sewage  high  in  sulphates  is  examined,  in  the  absence  of 
alkahnity,  the  technique  should  include  the  addition  of  sodium  carbonates  as  well  as 
caustic  soda. 

Columbus  method. — An  alternative  method,  applicable  when  the  sewage  contains 
high  magnesium,  consists  in  treating  the  sample  with  caustic  soda  in  sufficient  amount 
to  precipitate  the  magnesium  and  to  soften  the  sewage.  A  precipitate  of  magnesium 
hydrate  and  calcium  carbonate  results,  whereby  there  is  effected  a  complete  clarifica- 
tion of  the  sewage.  This  modification  is  embodied  in  the  Report  of  the  Committee  on 
Standard  Methods.'  For  the  typical  hard  sewage  of  Columbus,  the  presence  of  a 
lead  salt  was  not  required  for  the  removal  of  sulphureted  hydrogen.  For  sewages 
low  in  magnesium  the  method  may  be  made  appUcable  by  the  addition  of  a  magnesium 
salt  as  a  coagulant. 

RELATIVE  RESULTS  BY  THE  DIRECT  AND  THE  DISTILLATION  METHODS. 

The  advantages  attached  to  the  direct  methods  of  determining 
nitrogen  in  sewage  in  the  form  of  ammonium  salts  refer  to  the  fact 
that  by  distillation  there  is  obtained  a  certain  amount  of  ammonia, 
split  off  from  partially  reduced  nitrogenous  organic  compounds  on 
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the  border  line  between  ammonium  salts  and  crude  organic  matter. 
Further,  as  has  been  shown  by  Phelps, ^°  distillation  with  sodium 
carbonate  causes  the  development  of  ammonia  from  a  number  of 
nitrogenous  substances.  Under  such  circumstances  a  direct  process 
should  give  somewhat  lower  results,  representative  of  true  ammonium 
compounds  alone.  As  pointed  out  by  Schmidtmann  and  Giinther,^ 
the  direct  processes  yield  results  now  higher,  now  lower,  than  the 
distillation  process,  but  generally,  according  to  the  experience  of  the 
writers,  averaging  about  90  per  cent  of  those  obtained  by  distillation. 
In  the  following  table  are  shown  the  results  obtained  by  the  writers 
upon  this  point. 

TABLE   5. 

Comparison  of  Results  by  the  Direct  and  Distillation  Methods  for  the  Deterjiination  of 

Nitrogen  as  Free  Ammonia. 


Character  of  Samples 

Number  of 

S.4MPLES 

Averaged 

Nitrogen  as  Free  Mmonla 
Parts  per  Million 

Percentage 
Which  Direct 
Results  Were 

Direct 

Distilled 

of  Distilled 
Results 

32 
33 
27 
13 

39 
49 

13-1 

13-2 

12.8 
14.2 
10.6 
2.23 

iS-i 
14.8 
14.0 
159 
II. 8 

2-5 

87 

90 

Effluent  of  coarse-grain  filter 

90 
90 

THE  DETERMINATION  OF  OXYGEN  CONSUMED. 

No  method  has  undergone  greater  modification  than  that  for  the 
determination  of  the  oxygen  consumed  by,  or  absorbed  from,  potassium 
permanganate. 

Standard  method. — Following  the  practice  of  Palmer,  ^i  the  Committee  has  recom- 
mended for  use  in  newly  established  laboratories  a  30  minute  contact  with  acid  per- 
manganate in  flasks  immersed  to  the  neck  in  a  boiling  water-bath.  This  period  of 
contact  and  this  technique  were  advised  for  the  reason  that  a  fairly  complete  oxidation 
is  effected  thereby,  with  a  minimization  of  the  personal  errors  incidental  to  the  other 
modifications. 

Lawrence  method. — The  practice  at  the  Lawrence  Experiment  Station^  is  to  boi] 
for  two  minutes  mth  an  excess  of  permanganate,  titrating  back  with  oxaUc  acid. 

Boston  method. — ^This  method^^  is  similar  to  the  Lawrence  method  except  that  the 
period  of  boiling  is  five  minutes.  In  both  these  methods  the  permanganate  is  added 
to  the  hot  solution. 

German  method. — In  Germany'  the  period  of  boiling  is  uniformly  lo  minutes, 
and  the  determination  is  usually  made  upon  the  filtered  solution. 

English  methods. — In  England  the  boiling  methods  are  practiced  but  little,  as 
considerable  error  is  belie-vsed  to  be  introduced  through  the  decomposition  of  the  per- 
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manganate  itself  at  the  temperature  of  boiling  water.  The  English  methods  use  the 
"thiosulphate-iodine"  reaction  for  final  titration,  since  oxalic  acid  is  obviously  unsuit- 
able in  the  cold.  The  many  modifications  of  the  oxygen  consumed  test  in  current 
practice  in  England  are  as  follows: 

The  "at  once''  test. ^3 — In  this  method,  carried  out  at  room  temperature,  the 
excess  of  permanganate  is  removed  within  30  seconds  after  its  application  by  the 
addition  of  potassium  iodine. 

The  "three-minute"  test. — In  this  mcthod24  the  permanganate  is  allowed  a  contact 
of  three  minutes  at  a  temperature  of  80°  F. 

Other  tests. — Periods  of  15  minutes,2S  two  and  a  half  hours,4  and  four  hours,  at 
80°  P., 3  are  in  use  in  England.  Of  these,  the  15  minute  and  four  hour  periods  are 
the  more  generally  practiced.  These  modifications  are  said  to  serve  the  purpose  of 
differentiating  the  putrescible  matter.  As  stated  by  Rideal..4  at  the  Manchester  Meeting 
of  the  Society  of  Chemical  Industry  in  1898,  the  several  oxygen  consumed  tests  were 
said  to  possess  the  following  characteristics: 

1.  "The  three  minute  test  showed  (nitrites,  ferrous  salts,  sulphureted  hydrogen 
and)  putrefying  matter  decomposing  permanganate  at  once  with  acid." 

2.  "The  difference  between  three  and  15  minutes  showed  matter  readily  putre- 
fying and  rapidly  decomposing  acid  permanganate." 

3.  "The  difference  between  15  minutes  and  four  hours  gives  matter  capable  of 
putrefying,  though  slow  to  decompose." 

Rideal4  obtains  what  he  calls  a  final  figure  by  subjecting  the  sample  to  the  action 
of  permanganate  for  two  and  a  half  hours  at  a  temperature  of  80°  C. 

comparison  of  results  by  different  methods. 
These  different  methods  for  determining  the  oxygen  consumed 
or  absorbed  from  acid  permanganate  bear  a  fairly  definite  relation  to 
one  another,  as  is  illustrated  by  the  following  table : 


TABLE   6. 
Comparison  of  Results  by  Different  Methods. 


Source  of  Method 


Time  of 
Contact 
(Minutes) 


Tempera- 
ture 
CC.) 


Relative  Results  to  s  Minute  Boil- 
.^uthority 


Columbus 


Fuller 


Kinnicutt 


England . . 
England . . 
England. . 

Palmer 

"Absolute 
Lawrence. 
Boston.. . . 
Germany.. 


240 
240 


26. 

26. 

26. 

96. 
100. 
100. 
100. 
100. 


0.20 
0.33 
0.56 
3-14 
4-73 
0.74 
1 .00 
1. 18 


•  35 
.60 


0.6s 


0.30 
0.48 


0.65 


LOSS   ON  IGNITION. 

The  ignition  of  the  residue  remaining  u))on  t'vai)()ration  of  a 
measured  portion  of  sewage  has  been  practiced  for  a  good  many 
years.     The  loss  in  weight  sustained  is  roughly  indicative  of  the  total 
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amount  of  organic  matters  present.  As  is  well  known,  many  other 
substances  besides  organic  matter  are  volatilized  during  the  ignition, 
so  that  the  test  does  not  strictly  indicate  the  organic  content  of  the 
sample.  Notwithstanding  the  limitations  of  the  method,  the  infor- 
mation afforded  thereby  is  of  considerable  value  in  sewage  work,  as 
it  is  the  only  test  whereby  even  an  approximation  of  the  total  amount 
of  organic  matters  present.  Relative  to  questions  of  the  disposal  of 
sludge  deposits,  the  data  afforded  have  a  particular  field  of  usefulness. 

Limitations  oj  the  process. — In  brief  terms,  the  loss  in  weight  upon 
ignition  includes  all  organic  matters,  a  certain  amount  of  carbonic 
acid  and  combined  water  split  off  from  the  carbonates  of  the  alkaline 
earth  metals,  especially  magnesium,  and  further,  under  certain  con- 
ditions, a  certain  loss  due  to  the  deoxygenation  of  mineral  salts  in 
cases  where  the  temperature  of  ignition  has  been  too  high.  Chlorides 
are  also  a  factor,  when  present  in  considerable  amounts. 

The  factors  of  error  have  been  corrected  to  a  certain  extent  by  the 
refinement  of  the  technique  of  the  method  in  its  more  recent  develop- 
ment. At  the  same  time,  as  is  well  known,  the  variable  character  of 
these  complications  cannot  always  be  allowed  for  in  an  entirely 
satisfactory  manner.  Even  under  these  conditions,  the  process  is  of 
considerable  value,  since  it  throws  light  upon  those  constituents 
regarding  whose  true  nature,  amount,  and  precise  composition  the 
present  status  of  analytical  methods  yields  but  sparse  information. 

German  method  oj  determining  loss  on  ignition. — During  the  tests 
made  at  Cologne,  Germany,  in  1904,^  loss  on  ignition  data  was 
obtained  by  a  technique  involving  repeated  partial  ignitions  at  a  very 
low  temperature  (moving  the  dish  back  and  forth  over  a  low  flame), 
preceded  by  the  application  to  the  residue  of  distilled  water  and 
subsequent  evaporation.  From  four  to  six  ignitions  were  usuallv 
made;  following  the  final  heating,  the  residue  was  treated  with  a 
few  drops  of  ammonium  carbonate  solution  to  convert  to  carbonate 
any  alkahne  earth  oxides.  With  this  technique,  a  very  complete  com- 
bustion of  the  organic  matter  was  effected,  with  a  minimum  loss  of 
volatile  mineral  matter.  This  method  appears  to  be  a  distinct  improve- 
ment over  the  technique  employed  in  this  country,  and,  as  brought 
out  in  another  paper, ^^  the  experience  of  the  writers  indicates  that  a 
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re-application  of  distilled  water  to  ignitions  made  in  the  radiator  fol- 
lowing a  second  ignition  might  with  advantage  be  included  in  the 
standard  procedure,  as  the  combustion  of  the  organic  matter  would 
thereby  be  more  complete  and  the  results  of  the  process  more  reliable. 
Greater  relative  value  of  volatile  suspended  matter  data. — Loss  on 
ignition  is  of  course  not  a  test  of  differentiation.  Although  the  data 
obtained  by  ignition  of  the  residue  from  the  evaporation  of  a  measured 
amount  of  sewage  are  to  be  regarded  only  as  approximations  of  the 
constituents  they  are  intended  to  represent,  it  is  possible,  by  the  use 
of  an  entirely  different  process,  to  obtain  precise  information  regarding 
that  portion  of  the  suspended  matters  in  sewage  which  is  of  a  volatile 
character.  To  effect  this,  the  suspended  matters  are  separated  from 
the  dissolved  matters  by  filtration  through  asbestos  in  a  Gboch  cru- 
cible.^*"  In  the  absence  of  the  complicating  mineral  matters,  the 
volatile  suspended  matters  may  be  determined  by  an  ignition  at  a 
temperature  sufficiently  high  to  effect  a  complete  destruction  of  all 
organic  matters.  In  problems  relating  to  the  preparatory  treat- 
ment of  sewage,  these  data  are  of  great  value,  since  they  indicate  to 
a  certain  degree  the  relative  composition  of  the  deposits  of  sludge 
which  are  incidental  to  these  processes. 

conclusions. 

Casting  up  the  evidence,  it  seems  apparent  that  more  satisfactory 
practical  results  may  be  obtained  by  the  Kjeldahl  process  than  by  the 
use  of  the  albuminoid  ammonia  process,  the  results  of  which  are  such 
uncertain  percentages  of  the  total  organic  nitrogen  present  in  sewage 
and  in  effluents. 

The  direct  process  for  the  estimation  of  the  amrrionia  formed  in 
the  Kjeldahl  method  seems  practical  and  reliable  above  0.5  part  per 
miUion  organic  nitrogen.  Below  this  amount  the  distillation  method 
of  Palmer  is  available. 

The  direct  determination  of  nitrogen  as  free  ammonia  is  safe  and 
accurate;  either  modification  of  the  process  may  be  used  according 
to  local  hardness  conditions. 

Although  governed  largely  by  local  conditions,  the  oxygen  con- 
sumed test,  with  its  many  modifications,  is  to  be  considered  of  great 
value  in  the  examination  of  crude  and  purified  sewages. 
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Regarding  the  loss  on  ignition,  the  indications  are  that  the  total 
and  volatile  suspended  matters,  as  determined  directly  by  the  Gooch 
process,  are  more  reliable  and  more  satisfactory  data  for  sewage 
problems  than  either  the  total  volatile  matters  in  the  sewage  or 
effluent  or  the  indirectly  determined  total  and  volatile  suspended 
matters.  The  practical  advantages  of  the  direct  Gooch  process 
render  the  method  worthy  of  serious  consideration,  especially  in 
problems  wherein  suspended  matter  is  an  important  factor. 

None  of  the  current  methods  for  the  determination  of  organic 
matter  distinguish  between  stable  and  unstable  organic  matter. 
Only  by  resorting  to  one  of  the  various  methods  for  the  determina- 
tion of  putrescibihty  can  information  be  obtained  regarding  the 
putrescible  and  non-putrescible  matter  in  partially,  purified  sewage, 
and  even  under  these  conditions  there  is  indicated  only  the  relative 
predominance  of  putrescible  and  non-putrescible  substances.  It 
seems  to  be  in  this  direction  that  the  need  is  most  urgent  for  methods 
appMcable  to  the  determination  of  the  organic  matter  in  crude  and 
purified  sewages. 
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A   METHOD   FOR   THE   DIRECT   DETERMINATION   OF 

ORGANIC  NITROGEN  BY  THE  KJELDAHL 

PROCESS. 

A.  Elliott  Kimberly  and  M.  G.  Roberts, 

Columbus,  Ohio. 

One  of  the  most  conspicuous  recent  advances  made  in  sewage 
analysis  in  this  country  may  be  said  to  be  the  development  of  a  direct 
process  for  the  determination  of  the  nitrogen  as  ammonia.'  The 
greater  simplicity  of  the  technique,  the  greater  economy  of  time 
effected  by  the  elimination  of  distillation,  and  the  relatively  greater 
accuracy  of  the  process  are  salient  advantages  of  the  direct  method 
which  surely  cannot  fail  to  be  of  moment  in  the  routine  work  of 
sewage  laboratories. 

To  be  able  to  apply  a  direct  process  to  the  determination  of  the 
ammonia  formed  in  the  determination  of  total  organic  nitrogen  by 
the  Kjeldahl  process  seemed  the  next  step  toward  greater  simplicity 
and  rapidity  of  execution.  During  a  considerable  portion  of  the 
work  at  Columbus  a  direct  process  was  in  daily  use  for  the  determi- 
nation of  the  nitrogen  as  ammonia,  and  a  more  intimate  knowledge 
was  gained  of  local  conditions  as  to  the  disturbing  factor  of  turbidity, 
to  which,  as  we  all  know,  has  been  chiefly  due  the  indifferent  success 
attending  earlier  attempts  at  the  direct  nesslerization  of  the  acid 
digestate  of  the  Kjeldahl  process.  Under  such  circumstances  it  was 
thought  that  a  direct  method  for  determinating  nitrogen  by  the 
Kjeldahl  process  might  be  successfully  developed. 

Working  along  lines  by  which  a  direct  process  for  the  determina- 
tion of  the  nitrogen  as  free  ammonia  was  successful  under  such  unusu- 
ally hard  water  conditions  as  prevailed  at  Columbus,  a  method  was 
finally  obtained  by  which  the  disturbing  turbidity  was  completely 
eliminated.  It  is  our  purpose  to  discuss  the  several  factors  which 
have  to  do  with  the  turbidity  occurring  in  nesslerized  tubes,  and 
further  to  describe  a  direct  method  for  determination  of  nitrogen 
by  the  Kjeldahl  process,  found  applicable  under  Columbus  condi- 
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tions,  together  with  certain  suggestions  whereby  it  appears  that  the 
direct  method  may  be  made  of  quite  extended  applicabihty. 
methods  previously  proposed. 
A  review  of  the  hterature  upon  the  question  of  the  direct  nessleri- 
zation  of  the  acid  digestate  of  the  Kjeldahl  process  indicates  that 
the  matter  has  received  but  Httle  attention.  So  far  as  we  are  aware, 
the  method  described  by  Rideal,^  a  similar  one  used  to  some  extent 
by  McGowan,3  and  the  modifications  suggested  by  Phelps,'  are 
the  only  instances  on  record  in  which  the  feasibility  has  been  sug- 
gested of  the  elimination  of  distillation  in  Kjeldahl  nitrogen  determi- 
nations. Rideal  states  that  the  direct  determination  of  the  organic 
nitrogen  has  been  practiced  to  some  extent  in  England.  The  method 
as  given  by  him  is  as  follows: 

^'Kjeldahl. — lo  c.c.  of  a  sewage,  or  say,  loo  c.c.  of  an  effluent  plus  4  c.c.  of  pure 
sulphuric  acid,  are  heated  in  a  pear-shaped  hard  glass  flask  in  a  slanting  position  until 
the  Hquid  becomes  colorless,  ^\^^en  about  2  or  3  c.c.  remain,  the  flask  is  cooled  and 
is  washed  out  with  small  quantities  of  ammonia-free  water  into  a  100  c.c.  measure,  until 
the  volume  of  the  liquid  reaches  about  40  c.c.  An  excess,  i.  e.,  about  25  c.c,  of  soda 
solution  (25  per  cent)  free  from  ammonia  is  now  added,  when  a  flocculent  precipitate 
is  thrown  down.  After  cooling,  the  liquid  is  made  up  to  100  c.c, transferred  to  a  clean 
and  dry  stoppered  bottle,  and  shaken  at  intervals  until  the  flocculi — which  at  first 
float  entangled  with  air  bubbles — subside.  A  suitable  fraction  of  the  clear  liquid  is 
then  pipetted  into  a  Nessler  glass,  diluted  to  50  c.c,  and  nesslerized.  This  gives  the 
total  unoxidized  nitrogen  in  terms  0}  ammonia." 

This  method  was  used  by  McGowan,^  modified  only  by  the 
occasional  addition  of  potassium  oxalate  solution  to  the  alkaline 
digestate  to  precipitate  the  calcium,  and  by  the  proviso  that  the 
solution  should  be  "rendered  just  alkahne  with  purified  potash." 
The  method  is  criticised  by  McGowan  on  the  ground  that  turbidity 
is  oftentimes  noted,  even  when  the  calcium  has  been  removed  by  the 
addition  of  oxalate  solution,  and  that  considerable  entrainment  of 
ammonia  results  from  the  precipitate  formed  upon  the  neutralization 
of  the  digestate.  His  chief  objection  to  the  process  seems  to  be  that 
where  considerable  amounts  of  nitrified  nitrogen  are  present,  all 
of  the  unoxidized  nitrogen  is  not  recovered,  since,  during  the  last 
stages  of  the  digestion,  a  portion  of  this  nitrogen  is  oxidized  by  the 
nitric  acid  present  and  is  probably  lost  in  the  form  of  lower  oxides 
of  nitrogen.  For  this  reason  the  English  practice  in  regard  to  the 
Kjeldahl  method  for  effluents  includes  a  reduction  of  all  nitrified 
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nitrogen  by  the  use  of  zinc  and  sulphuric  acid.  This  portion  of  the 
procedure  is  stated  by  English  workers  to  require  five  days  for  its 
completion;  for  otherwise,  as  their  experience  indicates,  an  appreci- 
able loss  of  nitrogen  will  ensue.  The  discussion  is  concluded  with 
the  statement  that  although  the  direct  method — with  no  reduction 
of  nitrate — has  been  found  at  times  to  yield  very  satisfactory-  results 
in  the  analysis  of  very  pure  effluents,  and  frequently  in  others  con- 
taining as  high  as  5.0  parts  per  million  nitrogen  as  nitrate,  yet,  for 
general  work  upon  sewage  and  sewage  effluents,  experience  seems 
to  be  against  the  method,  since  no  preliminar}^  reduction  of  nitrate 
is  included  in  the  technique. 

In  this  countr}^,  Phelps  has  outhned  a  method  which  he  used  with 
somewhat  indifferent  success,  owing,  as  he  states,  to  certain  factors 
associated  with  the  turbidity  of  the  nesslerized  tubes,  which  as  yet 
are  not  clearly  understood.  The  method  employed  by  him  consisted 
in  making  up  the  digestate  to  250  c.c,  removing  2  c.c,  neutrahzing, 
making  up  to  50  c.c,  and  directly  nesslerizing. 

In  the  nitrogen  work  at  the  Columbus  Sewage  Testing  Station  a 
study  was  made  of  the  feasibihty  of  adopting  a  direct  method  for 
the  determination  of  the  ammonia  formed  in  the  Kjeldahl  process, 
along  the  lines  suggested  by  the  studies  of  previous  workers  ^to  which 
we  have  just  referred.  With  some  modifications,  the  methods 
described  by  Rideal  and  McGowan  have  been  found  to  yield  satis- 
factory results  when  applied  to  the  sewage  and  effluents  under  study 
at  Columbus.  Those  changes  were  the  results  of  an  extended  inquir}' 
into  the  causes  of  the  disturbing  turbidity  which,  as  we  all  know,  has 
been  the  chief  drawback  to  the  appHcabihty  of  the  direct  process. 
The  results  of  these  studies  have  been  incorporated  in  the  technique 
of  the  method  as  given  below,  and  it  is  felt  that  the  method,  when 
modified  along  lines  to  be  suggested  in  order  to  meet  different  con- 
ditions, gives  promise  of  a  fairly  wide  field  of  applicabihty  in  the 
analysis  of  sewage  and  sewage  effluents. 

factors  associated  with  the  turbidity  produced  by  direct 

nt:sslerization. 

The  cause  of  the  disturbing  turbidity  which  appears  upon  the 
addition  of  Nessler's  reagent  to  solutions  containing  other  salts  as 
well  as  ammonium  salts,  has  been  chiefly  attributed  to  the  presence 
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therein  of  calcium  salts.  Considering  for  the  moment  such  conditions 
as  would  obtain  in  direct  nesslerization,  without  treatment  with 
caustic  soda,  of  an  aliquot  portion  of  a  hard  sewage  containing  the 
bicarbonates  of  calcium  and  of  magnesium,  respectively,  and,  in 
addition,  both  these  metals  as  incrustants,  it  follows  from  water- 
softening  experience  that  the  addition  of  the  caustic  Nessler's  reagent 
will  entail  a  precipitation  of  a  portion  of  the  calcium  as  carbonate, 
and  the  whole  of  the  magnesium  as  hydrate,  whereby  cloudiness 
would  result.  Such  seems  to  be  one  of  the  explanations  of  the  failure 
of  attempts  to  obtain  clear  tubes  when  small  amounts  of  a  hard 
sewage,  or  sewage  containing  but  moderate  amounts  of  the  alkahne 
earth  metals,  diluted  to  the  usual  50  c.c,  have  been  directly  ness- 
lerized,  or  when,  as  in  Phelps's  method,  a  small  portion  of  the  acid 
digestate  is  neutralized  and  nesslerized  without  preparatory  treat- 
ment for  the  removal  of  the  magnesium,  and  in  certain  cases  of 
calcium  as  well. 

The  method  as  advised  by  the  Committee  on  Standard  Methods 
for  the  determination  of  the  nitrogen  as  free  ammonia  by  direct^  ness- 
lerization, appears  to  admit  of  adoption  under  a  wide  range  of  condi- 
tions with  respect  to  the  mineral  constituents  of  the  sewage,  for  the 
reason  that  the  preparatory  treatment  of  the  sample  with  caustic  alkali 
effects  a  complete  softening  of  a  hard  sewage,  removing  to  a  sufficient 
degree  the  carbonate  of  calcium,  all  of  the  magnesium,  and  a  variable 
proportion  of  calcium  sulphate,  depending  upon  the  relative  amoiJnt 
of  half-bound  carbonic  acid  present.  The  development  of  a 
successful  method  for  the  direct  nesslerization  of  ammonia  has 
clearly  resulted  from  the  use  of  a  preparatory  treatment  which  softens 
the  sewage  materially,  thereby  removing  before  nesslerization  those 
substances  which,  by  precipitating  in  the  nesslerized  tubes,  caused 
the  turbidity  so  often  observed. 

Coming  now  to  the  premises  of  the  paper,  the  thought  arises  as 
to  wherein  the  conditions  differ  from  those  obtaining  in  the  successful 
direct  determination  in  hard  sewages  of  the  nitrogen  as  free  ammonia. 
As  is  well  known,  under  certain  conditions  the  metals  of  the  alkaline 
earth  group,  when  present  in  a  nesslerized  tube,  obscure  by  pre- 
cipitation the  clear  yellow  of  the  mercurio-ammonium  compound, 
and  thus  the  question  of  the  turbidity  of  the  neutralized  and  ness- 
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lerized  acid  digestate  would  appear  to  revert  to  the  interference  of 
calcium  and  magnesium  salts,  and,  further,  possibly  to  the  presence 
of  sodium  sulphate  from  the  neutralization  of  the  sulphuric  acid. 

A  little  thought  will  suggest  that,  irrespective  of  the  nature  of  the 
acid  radicals  to  which  the  calcium  and  the  magnesium  are  united 
in  the  sewage,  they  are  in  combination,  after  digestion,  with  sulphuric 
acid  as  sulphates.  The  neutralization  of  the  acid  digestate  with  a 
sufficient  excess  of  alkali  removes  the  magnesium  as  in  the  direct 
ammonia  procedure,  so  that,  so  far  as  these  metals  are  concerned, 
the  question  of  turbidity  would  appear  to  refer  to  the  presence,  of 
calcium  as  sulphate,  which  is  not  removed  upon  the  neutralization 
of  the  acid  digestate  with  carbonate- free  caustic  soda.  We  have 
found  by  experiment  that  calcium  as  sulphate  may  be  present  in  a 
nesslerized  tube  without  causing  precipitation,  to  the  extent  of  50 
parts  per  million  of  calcium  (Ca).  Above  this  amount,  up  to  the 
hmit  of  the  solubility  at  ordinary  temperatures  of  calcium  as  sulphate 
of  TOO  parts  per  million  of  calcium  (Ca),  turbidity  will  be  noted. 
Under  ordinary  conditions,  calcium  in  this  form  is  probably  not  a 
factor;  but  to  avoid  possible  complications,  under  conditions  to  be 
referred  to  later,  it  would  seem  advisable  to  add  to  the  digestate  a 
certain  amount  of  carbonate  of  soda,  for  the  removal  of  the  calcium, 
imitating  conditions  obtaining  in  most  cases  in  the  direct  nesslcriza- 
tion  of  the  nitrogen  as  ammonia.  To  study  the  effect  of  the  presence 
of  sodium  salts,  a  blank  digestate  was  neutralized  and  carried  through 
the  usual  procedure,  as  given  below,  and  in  no  case  did  any  turbidity 
appear  to  be  traceable  to  this  source. 

Taking  into  account  each  of  the  factors  just  discussed,  efforts  to 
obtain  clear  tubes  continued  to  be  indifferently  successful,  until 
finally  it  developed  that  the  character  of  the  caustic  soda  used  for 
neutralization  was  related  to  the  intensity  of  the  turbidity  of  the 
nesslerized  tubes.  The  so-called  C.  P.  stick  caustic  soda  is  far  from 
pure,  as  is  well  known,  and  it  was  found  that  the  usual  treatment 
for  the  removal  of  ammonia  was  not  sufficient  to  prevent  a  precipita- 
tion in  nesslerized  tubes  containing  free  alkali.  To  remove  ferrous 
iron,  organic  matter,  or  any  chance  reducing  agent  to  any  of  which 
the  turbidity  would  appear  to  be  due,  caustic  soda  was  prepared, 
by   oxidation   with    either   sodium    peroxide    or   permanganate,    as 
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described  below.  With  caustic  solutions  prepared  in  this  manner, 
fairly  satisfactory  results  were  obtained. 

Up  to  this  time  the  method  described  by  Palmer^  had  been  used, 
wherein  permanganate  is  added  to  the  digestion  when  it  is  judged 
to  be  complete.  In  reviewing  possible  causes  of  the  disturbing 
turbidity,  the  thought  suggested  itself  that  the  presence  of  manganous 
sulphate,  even  in  small  amounts,  would  tend  to  produce  turbidity, 
because  of  the  ease  with  which  the  salt  is  oxidized  and  precipitated 
in  alkaline  solutions.  Experiments  with  solutions  containing  man- 
ganous sulphate  (formed  when  permanganate  is  used)  showed  con- 
clusively, as  was  expected,  that  turbid  tubes  would  result  upon  ness- 
lerization.  *  As  the  use  of  permanganate  is  of  uncertain  value  as  an 
aid  in  the  oxidation  by  sulphuric  acid  of  the  substances  found  in 
ordinary  sewage,  following  the  practice  of  Rideal,^  the  addition  of 
permanganate  at  the  end  of  the  digestion  was  omitted  from  the 
procedure  as  finally  adopted,  on  the  ground  that  a  certain  amount 
of  manganous  sulphate  might  escape  oxidation  during  the  preparation 
of  the  digestate  for  nesslerization,  whereby  turbid  tubes  would  result. 

By  the  use  of  a  caustic  soda  solution  free  from  oxidizable  organic 
matter,  clear  tubes  were  finally  obtained,  provided  that  a  sufficient 
excess  of  caustic  was  added  to  precipitate  completely  the  magnesium, 
and  provided  that  sodium  carbonate  was  added  to  remove  the  calcium. 

Considerable  literature  is  available  upon  the  use  of  Nessler's  reagent, 
and  from  the  work  of  Nessler,^  Miller, ^  Chapman,^  Frankland  and 
Armstrong,^  Trommsdorff,'°  and  Fleck,"  it  appears  that  both  free 
alkali  and  the  presence  of  magnesium,  or  the  formation  in  the  tubes 
of  any  other  precipitate  whatsoever,  aft'ccts  the  color  produced  by  the 
reagent.  The  alkali  tends  to  give  abnormally  high  readings,  and 
the  co-precipitation  of  any  other  substance,  together  with  the  mercury 
ammonium  iodide,  completely  coagulates  the  colloidal  color  produced 
by  Nessler's  reagent  in  ])ure  solutions  of  ammonium  salts.  In  con- 
nection with  the  question  of  the  direct  nesslerization  under  hard 
water  conditions  at  least,  it  is  a  significant  fact  that  the  use  of  a 
magnesium  salt  forms  the  basis  of  Fleck's  lilration  method"  for 
the  determination  of  ammonia  by  Nessler's  reagent,  wherein  the 
mercur}'  ammonium  iodide,  completely  precipitated  by  magnesium. 
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is  dissolved  in  sodium  thiosulphate  and  titrated  with  an  ammoniacal 
solution  of  silver  sulphide. 

It  is  evident  that  an  excess  of  alkali  will  remove  the  magnesium. 
To  determine  the  limit  to  which  the  excess  could  be  carried  with 
safety,  different  amounts  of  differently  prepared  caustic  soda  solu- 
tions, ranging  by  loths  to  one  gram,  respectively,  were  added  to 
Nessler  tubes  containing  3  c.c.  of  ammonia  standard.  The  tubes 
were  filled  to  the  mark  with  ammonia-free  water,  and  were  then 
nesslerized.  The  colors  were  read  after  15  minutes.  It  appears 
from  the  results  in  the  table  below  that  0.2  gram  of  pure  caustic 
(NaOH)  may  be  present  in  a  nesslerized  tube  without  producing 
turbidity  or  causing  the  color  to  be  abnormal.  Beyond  this  amount, 
turbidity,  and  finally  complete  precipitation,  will  result,  as  will  also 
be  the  case  when  impure  caustic  is  used  without  an  oxidizing  treat- 
ment. 

Above  0.5  gram  a  heav}-  precipitate  was  observed  in  all  cases. 

TABLE   I. 
Effect  of  the  Presence  of  Caustic  Soda  upon  the  Color  Produced  by  Nessler  Reagent. 


Treatment  Received  by  Caustic* 

Caustic  Soda 
(NaOH) 

None 

pIroS^e              P— anate 

(Gram) 

Fused  Stick 

By  Alcohol 

Reading 

Turbidity 

Reading 

Turbidity 

Reading 

Turbidity    Reading 

Turbidity 

30 

0 
str. 

3-0 
3-0 
30 
3-1 
3-5 
3-8 

0 
0 
0 
0 
si. 
str. 

30 
30 
30 
31 
3-3 
3-5 

.0 
0 
0 

30 
30 
30 

V.  si.              3.5 
str.              -2  ft 

V.  si. 

str. 

♦Fused  white  sticks. 

By  including  in  the  final  details  of  the  method  an  excess  of  alkali 
corresponding  to  2  c.c.  of  25  per  cent  caustic  soda,  or  5.0  gram  of 
the  alkali  giving  in  the  nesslerized  tubes  only  one-tenth  of  this  amount 
and  adding  0.2  gram  of  sodium  carbonate  to  the  alkali  digestate, 
clear  tubes  were  finally  obtained.  The  method  employed  takes  into 
account  the  followang  factors,  which  our  experience  indicates  as  the 
controlling  causes  of  turbid  tubes  in  direct  nesslerization  work : 

a)  Insufficient  preparatory  treatment  of  the  sample,  whereby  there 
results  a  precipitation  of  calcium  carbonate  or  of  magnesium  hydrate, 
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and,  in  general,  the  formation  by  the  alkali  of  the  Nessler's  reagent 
of  any  other  precipitate  whatsoever  save  the  normal  colloidal  mercur}' 
ammonium  iodide. 

b)  The  use  of  caustic  soda  containing  organic  matter. 

c)  The  presence  of  a  manganous  salt  from  the  use  of  permanganate 
in  the  digestion. 

d)  The  presence  in  the  nesslerized  tubes  of  calcium  as  sulphate 
in  hard  sewages  above  50  parts  per  million,  and,  further,  the  neglect 
to  mix  thoroughly  the  solution  before  nesslerizing,  even  in  cases  where 
the  calcium  in  a  tube  containing  a  homogeneous  solution  would  be 
below  the  limiting  value  of  50  parts  per  milhon. 

DETAILS  OF  THE  COLUMBUS  METHOD  FOR  THE  DIRECT  DETERMINATION 
OF    NITROGEN    BY    THE    KJELDAHL    PROCESS. 

Although  subject  to  considerable  modifications  from  time  to  time, 
to  correspond  to  developments  in  the  study  of  the  turbidity  question, 
the  Columbus  method  for  the  direct  determination  of  nitrogen  by  the 
Kjeldahl  process  finally  assumed  the  following  definite  shape: 

Reagents. — Aside  from  the  preparation  of  the  caustic,  the  use  of  a  sodium  carbonate 
solution,  and  the  omission  of  permanganate,  the  reagents  do  not  differ  from  those  used 
in  the  standard  Kjeldahl  process.  5  Two  brands  of  caustic  soda  were  used,  one  the 
ordinary  fused  white  sticks,  the  other  caustic  soda  from  alcohol.  Both  require  a 
certain  amount  of  oxidation  to  remove  all  organic  matter.  This  has  been  effected 
either  by  the  addition  of  about  2  per  cent  of  sodium  peroxide  to  the  caustic  solution 
prepared  from  caustic  by  alcohol,  or,  in  case  the  ordinary  fused  white  stick  caustic, 
which  is  somewhat  cheaper  than  that  from  alcohol,  is  used,  by  the  use  of  potassium 
permanganate  as  follows: 

Caustic  soda  solution:  Dissolve  in  a  liter  of  redistilled  water  250  grams  of  fused 
white  stick  caustic  soda.  Heat  to  boiling  and  add  a  strong  solution  of  potassium  per- 
manganate, drop  by  drop,  until  a  pale-green  color  persists;  continue  to  boil  to  expel 
ammonia  and  to  cause  a  precipitation  of  the  manganic  oxide. 

If  the  conditions  are  right,  the  caustic  solution  will  assume  a  coffee-brown  color, 
due  to  the  suspended  manganic  oxide.  In  cases  where  the  caustic  is  desired  for  imme- 
diate use,  the  sf>lution,  when  cooled  sufficiently,  is  filtered  through  asbestos  by  the  aid 
of  a  filter  pump;  the  resulting  filtrate  should  be  perfectly  colorless,  and  free  from 
suspended  matter.  Where  time  permits,  the  turbid  solution  may  be  allowed  to  stand 
until  the  jjrccipitate  shall  have  subsided. 

Carbonate  of  soda  solution:  Dissolve  100  grams  of  C.  P.  anhydrous  salt  in  one 
Jter  of  ammonia-free  distilled  water. 

Method. — Measure  out  such  an  amount  of  the  sample  as  will  contain  between 
0.00050  and  o.ooioo  gram  of  nitrogen;  that  is,  an  amount  which  will  be  equivalent 
to  from  50  to  100  c.c.  of  the  nitrogen  ammonia  standard;  and  digest  with  5  c.c.  of 
sulphuric  acid,  until  the  liquid  is  colorless  or,  in  the  presence  of  iron,  shows  a  pale- 
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yellow  color  which  becomes  white  when  the  solution  has  cooled.  Rinse  the  acid 
digestate  into  a  50  c.c.  flask,  allow  to  cool  to  room  temperature,  fill  to  the  mark,  and 
mix  thoroughly  by  inverting  the  flask  at  least  four  times.  Place  25  c.c.  of  this  solution 
in  a  ICO  c.c.  flask,  preferably  glass-stoppered,  and  add  an  amount  of  caustic  soda 
solution  not  quite  suflScient  to  neutralize  the  acid  completely.  Immerse  the  flask  in 
ice-water  to  effect  a  rapid  cooHng.  When  cool,  add  more  caustic  soda  solution  from 
a  pipette,  drop  by  drop,  until  a  flocculent  precipitate  is  plainly  visible.  Add  then 
2  c.c.  of  the  sodium  carbonate  solution.  Make  up  to  the  100  c.c.  mark,  stopper 
the  flask,  and  mix  thoroughly.  Pour  the  solution  into  a  clean  four-ounce  white  glass 
bottle,  preferably  tall,  and  allow  to  stand  at  least  six  hours,  shaking  slightly  at  intervals 
in  case  the  flocculi  do  not  tend  to  settle  readily.  Pipette  10  c.c.  of  the  completely  clear, 
colorless  supernatant  solution  into  a  50  c.c.  Nessler  tube,  make  up  to  the  mark  ■with 
ammonia-free  water,  and  mix  thoroughly  by  inverting  the  tube.  Xesslerize  as  usual 
and  read  after  15  minutes.  The  nesslerized  tubes  should  show  no  turbidit}-.  As  in 
all  Kjeldahl  methods,  a  reagent  blank  must  be  subtracted  from  each  determination. 
The  results  are  computed  as  follows: 

(Ny.20) — Blank)  X  1,000,000  X  .00001 
_ 

WTiere  A''=c.c.  standard  reading 
^^c.c.  sample  digested. 
The  results  are  in  terms  of  the  total  utioxidized  nitrogen  in  the  sample.     The 
organic  nitrogen  is  determined  by  subtracting  from  these  results  the  amount  of  animo- 
niacal  nitrogen  determined  by  a  direct  process. ^^ 

DISCUSSION    OF    CERTAIN    IMPORTANT     FEATURES    OF    THE    METHOD. 

There  are  several  points  relative  to  the  method,  which  our  experi- 
ence has  shown  to  be  very  essential  to  the  attainment  of  satisfactory 
resuks. 

Turbidity. — To  avoid  cloudy  tubes  a  period  of  subsidence  of  at 
least  six  hours  is  necessary  both  to  insure  a  clear  supernatant  solution 
and  also  to  effect  a  complete  precipitation  of  the  slowly  forming 
calcium  carbonate.  Further,  sufficient  carbonate  of  soda  must  be 
present  to  precipitate  the  calcium,  and  a  sufficient  excess  of  purified 
caustic  soda  solution  is  necessary  for  the  complete  removal  of  mag- 
nesium. An  excess  of  0.05  gram  caustic  soda  (NaOH)  was  found 
to  be  sufficient.  Since,  as  pointed  out  above,  0.2  gram  of  free  caustic 
alkaK  does  not  appear  to  interfere  with  Nessler's  reagent,  0.05  gram 
of  alkali,  the  amount  in  each  tube,  may  be  safely  used,  thus  insuring 
a  complete  precipitation  of  magnesium. 

Neutralization. — The  neutralization  has  been  completed  in  two 
stages,  cooling  the  solution  before  alkalinity  obtains  to  guard  against 
any  possible  loss  of  ammonia.  Ice-water  has  been  found  convenient 
as  a  cooling  agent. 
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Apparatus  and  technique. — In  the  technique  of  the  method, 
ordinary  graduated  volumetric  flasks  have  been  used  for  making  the 
necessary  measurements,  and  for  mixing  the  several  solutions.  For 
general  practice  it  would  certainly  be  advantageous  to  use  glass- 
stoppered  50  and  100  c.c.  flasks,  respectively,  in  order  that  mixing 
may  be  carried  on  without  contamination  and  without  injury  to 
the  hands. 

The  containers  in  which  the  neutralized  digestates  are  allowed 
to  settle  should  preferably  be  tall,  in  order  to  facilitate  the  subsequent 
pipetting  of  the  supernatant  solution.  During  subsidence,  the  bottles 
should  be  protected  from  dust  and  carbonic  acid,  and  to  this  end  it 
is  suggested  that  glass-stoppered  bottles  of  about  120  c.c.  capacity, 
contained  in  suitable  racks,  could  be  advantageously  used  to  protect 
the  determination  prior  to  the  completion  of  the  process. 

RELATIVE    results    FROM   THE    DIRECT   AND    DISTILLATION 
PROCESS,    RESPECTIVELY. 

In  the  work  at  Columbus,  before  substituting  the  direct  method 
for  the  distillation  process  in  current  use,  a  sufficient  number  of 
comparative  analyses  were  made  to  insure  that  the  results  should  be 
strictly  comparable  to  those  of  the  older  method.  At  the  same  time, 
it  was  thought  that  the  simpler  technique  of  the  direct  method  and 
the  elimination  of  all  factors  of  error  associated  with  the  distillation 
might  be  the  means  of  giving  somewhat  higher  results.  Representa- 
tive results  are  shown  in  the  table  below,  from  which  it  appears  that 
the  results  by  the  direct  process  are  substantially  the  same  as  those 
obtained  by  the  distillation  of  the  neutralized  digestates.  The 
differences  observed  in  the  results  by  the  two  methods  are  so  slight 
as  to  be  outweighed,  from  a  practical  standpoint,  by  the  very  great 
saving  of  time  effected  by  the  use  of  the  direct  process. 

ENTRAINMENT  OF  AMMONIA. 

One  of  the  objections  to  the  direct  process  raised  by  McGowan^ 
refers  to  the  possible  loss  of  ammonia  through  absorption  by  the  pre- 
cipitate formed  when  the  acid  solution  of  the  digcstate  is  neutralized, 
or  when,  as  in  the  direct  determination  of  the  nitrogen,'' as  free  ammonia 
a  more  or  less  hea\^  precipitate  forms  upon  the  addition  of  alkali. 
McGowan   made   experiments   to   illustrate   this  by   nesslerizing  a 
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TABLE   2. 
Representative  Organic  Nitrogen  Results  by  Kjei.dahl — Comparison  of  the  Direct  and 

Distilled  Methods. 
Parts  per  Million — Nitrogen. 


Source  of  Sample 


Crude  sewage 

Settled  sewage 

Septic  sewage 

Coarse-grain  filter  effluent 

Ditto  settled 

Sand  filter  effluents 


Organic 

Direct 

Distilled 

10. 1 

9-7 

4-5 
9.0 

4 
8 

5 
6 

10-3 

9 

9 

4-9 

4 

7 

10.7 

10 

3 

51 

3 

I 

139 

14 

0 

5-4 

3 

4 

4-7 

3 

2 

5-4 

5 

I 

7.0 

7 

4 

4-7 

5 

2 

3-9 

3 

9 

2.  2 

2 

2 

1.8 

I 

8 

3-5 
1.8 

3 

1 

7 
9 

2 . 1 

2 

2 

3-6 
0.67 

3 
0 

0 
66 

0.37 

0 

44 

0-S3 

0 

50 

0.65 

0 

54 

portion  of  the  clear  liquid  in  the  direct  Kjeldahl  process,  then  shaking 
up  the  precipitate  in  the  remaining  liquid,  subjecting  the  turbid 
solution  to  distillation,  and  determining  the  amount  of  ammonia  in 
an  ahquot  portion  of  the  distillate.  He  shows  that  an  appreciable 
entrainment  of  ammonia  results,  but  adds  that  a  stricter  comparison 
would  have  been  effected  had  both  the  clear  and  the  turbid  liquid 
been  subjected  to  distillation.  Phelps,'  in  a  recent  paper  upon  the 
determination  of  ammonia  in  sewage,  alludes  to  the  entrainment 
factor,  which  he  substantially  ehminates  by  diluting  the  sample  in 
which  it  is  desired  to  determine  the  nitrogen  as  free  ammonia  before 
the  addition  of  alkah. 

Entrainment  experiments. — To  study  this  point  under  Columbus  conditions,  a 
portion  of  the  clear  supernatant  solutions  from  the  nitrogen  as  free  ammonia  and  from 
the  total  nitrogen  determinations,  respectively,  were  nesslerized  as  usual,  following 
which  40  c.c.  of  the  alkaline  solutions,,  containing  probably  all  of  the  precipitate,  were 
respectively  dissolved  in  small  amounts  of  sulphuric  acid.  The  solutions  were  then 
diluted  to  100  c.c,  and  the  calcium  and  magnesium  salts  again  precipitated  by  the  addi- 
tion of  caustic  soda.  Aliquot  portions  of  the  clear  supernatant  solutions,  corresponding 
in  amounts  of  ammonia  to  those  in  the  original  determinations,  were  then  diluted  to 
50  c.c,  and  the  ammonia  determined  as  usual.  If  the  entrainment  factor  were  one  of 
appreciable  moment,  it  was  thought  that  the  ammonia  reading  in  the  tubes  from  the 
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second  precipitation  would  be  correspondingly  higher  than  those  obtained  in  the  original 
determination,  since  the  second  digestion  contained  practically  all  the  precipitate 
formed  in  the  initial  precipitation.  Since  practically  the  same  readings  were  obtained 
in  both  cases  and  in  both  of  the  direct  methods,  the  indications  are  that  the  entrain- 
ment  factor  is  not  of  sufficient  moment,  from  a  practical  standpoint,  to  render  the 
results  of  direct  processes  unreliable.  Experimental  results  upon  the  absorption  factor 
are  shown  in  the  following  table: 

TABLE  3. 
Effect  of  Emtrainment  upon  Results  of  Direct  Nesslerization. 
Nitrogen  as  Free  Ammonia— Direct  Kjeldahl. 


Number 

Standard  Reading 

A 

B          1 

A 

B 

4.0 
35 
3-5 
3-1 

3-9 
3-5 
3-5 
3-1 

2.4 
2.9 
2.2 
2-9 

2.2 

Note. — A^Supernatant  from  first  precipitation;  B^ditto  from  second  precipi- 
tation. 

DISCUSSION   OF   THE   GENERAL  APPLICABILITY   OF   THE 
DIRECT   PROCESS   IN   SEWAGE   WORK. 

In  considering  the  method  for  the  direct  determination  of  the 
total  unoxidized  nitrogen  by  the  Kjeldahl  process,  which  has  been 
found  appHcable  for  Columbus  conditions,  where  unusually  large 
amounts  of  calcium  and  magnesium  are  encountered,  with  respect 
to  its  applicability  for  sewages  common  to  New  England  and  to 
other  places  where  soft  water  conditions  are  as  a  rule  more  in  evidence, 
Columbus  experience  leads  us  to  believe  that  the  method  can  be 
successfully  used.  Since  a  digcstate  must  be  freed  from  the  alkaline 
earth  metals  before  a  direct  treatment  with  Nessler's  reagent  is 
attempted,  it  would  seem,  in  the  absence  of  the  complicating  salts 
of  hard  sewages,  that  no  difficulty  would  be  experienced  in  obtaining 
clear  tubes. 

In  this  connection  it  may  be  stated  that  the  direct  process  has  been 
applied  in  the  Columbus  work  to  the  determination  of  total  nitrogen 
in  bacterial  culture  media  work,  in  connection  with  studies  of  denitri- 
fication  such  as  have  recently  been  brought  forward  at  the  Lawrence 
Experiment  Station. '^  Excellent  results  were  obtained  by  the  direct 
nesslerization  of  aliquot  portions  of  neutralized  digestatcs,  in  which 
the  Gunning  modification'^  of  the  Kjeldahl  process  was  employed. 


Determination  of  Organic  Nitrogen  121 

For  soft-water  sewages  the  method  appears  to  be  applicable. 
Even  for  harder  sewages  than  a  maximum  of  about  600  parts  per 
million  as  calcium  carbonate,  encountered  under  Columbus  condi- 
tions, it  is  thought  that  the  calcium  in  solution  as  sulphate  would 
be  reduced  below  50  parts  per  million  in  the  nesslerized  tubes  by  the 
addition  of  sodium  carbonate,  and  in  view  of  the  fact  that  calcium 
as  sulphate  is  not  soluble  over  100  parts  per  million' s  in  pure  water 
and  probably  much  less  so  in  solutions  of  sodium  sulphate.  In  the 
case  of  a  very  hard  sewage,  or  where  a  moderately  hard  sewage  low 
in  nitrogen  is  examined,  as  we  have  often  noted,  considerable  calcium 
sulphate  separates  out  when  the  digestate  is  diluted  to  a  volume  of 
50  c.c.  In  all  cases,  therefore,  the  added  sodium  carbonate  should 
be  sufficient  to  remove  all  of  the  interfering'  calcium,  even  when 
present  to  the  limit  of  its  solubility. 

application  to  water  analysis. 

Outside  of  the  field  of  sewage  analysis  is  the  question  of  the  feasi- 
bility of  using  a  direct  process  in  the  sanitary  analysis  of  water,  in 
those  cases  where  the  total  organic  nitrogen  is  determined  by  the 
Kjeldahl  method.  No  literature  upon  this  matter  has  come  to  our 
attention. 

By  modifying  the  technique  to  include  the  neutralization  of  the 
entire  digestate,  with  the  addition  of  the  usual  excess  of  caustic  soda, 
by  adding  a  suitable  amount  of  sodium  carbonate,  and  by  nesslerizing 
up  to  50  c.c.  of  the  alkaline  digestate,  it  appears  highly  probable  that 
a  direct  process  might  be  used  in  water  work.  We  would  be  inchned 
to  place  the  limit  of  total  nitrogen  obtainable  with  the  direct  process 
at  0.1  part  per  million. 

For  such  small  amounts  of  total  unoxidized  nitrogen,  complete 
softening  is  absolutely  essential  to  the  success  of  direct  nesslerization. 
Moreover,  since  the  direct  process  for  the  determination  of  the  nitrogen 
as  free  ammonia  cannot  be  applied  to  the  determination  of  such  small 
amounts  as  usually  accompany  low  total  unoxidized  nitrogen  values, 
the  advantages  of  a  direct  process  are  not  so  apparent,  especially 
since  distillation  processes  give  small  amounts  of  ammonia  with  such 
relatively  greater  accuracy  than  can  be  obtained  by  a  direct  process, 
in  which  errors  of  multiplication  are  always  an  accompanying  feature. 
It  is  felt,  however,  that  the  direct  process  may  have  a  certain  field  of 
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usefulness  for  fairly  polluted  waters,  and  it  is  hoped  that  the  sug- 
gestions made  herein  may  be  of  some  value  to  other  workers,  to  whom 
the  opportunity  may  be  given  for  studying  the  further  development 
of  the  direct  process  along  lines  which  we  have  not  been  able  to  pursue 
under  the  hardness  conditions  obtaining  at  Columbus. 

In  conclusion,  we  desire  to  express  our  thanks  to  Mr.  Julian 
Griggs,  chief  engineer  of  the  Board  of  Public  Service,  Columbus, 
Ohio,  by  whose  permission  we  have  been  enabled  to  present  the 
results  of  these  analytical  studies  before  the  publication  of  the  report 
of  the  Testing  Station.  We  wish  also  to  express  our  appreciation  of 
the  valued  criticisms  of  Mr.  George  W.  Fuller,  consulting  engineer, 
and  the  valuable  suggestions  of  Mr.  George  A.  Johnson,  engineer  in 
charge  of  the  Testing  Station. 
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THE  PR.\CTICAL  ADVANTAGES  OF  THE  GOOCH  CRU- 
CIBLE   IN  THE    DETERMINATION    OF   THE 
TOTAL  AND  VOLATILE  SUSPENDED 
MATTER  IN  SEWAGE. 

A.  Elliott  Kimberly  and  Harry  B.  Hommon, 

Columbus,  Ohio. 

The  determination  of  the  total  and  volatile  suspended  matter  in 
sewage  and  sewage  effluents  has  recently  become  of  considerable 
importance,  owing  to  the  rapidly  increasing  number  of  sewage  dis- 
posal problems  in  which  conditions  necessitate  the  adoption  of  filters 
of  coarse-grain  material,  generally  preceded  by  settling  or  septic  tanks. 
In  determining  the  efficiency  of  these  latter-day  sewage  works,  and 
in  special  investigations  incidental  to  the  design  of  plants  of  this 
character,  it  is  highly  important  that  accurate  data  be  obtained  upon 
the  amount  and  character  of  the  suspended  matter  in  the  raw  sewage. 
For  it  is  this  point  which,  in  a  very  large  measure,  controls  decisions 
regarding  the  character  of  the  preparatory  treatment  which  is  best 
fitted  to  a  given  set  of  conditions,  and  to  which  are  closely  related, 
also,  decisions  regarding  the  character  of  the  finishing  process. 

In  the  course  of  the  investigations  at  the  Testing  Station,  Colum- 
bus, Ohio,  the  question  of  the  removal  of  the  suspended  matter  in 
crude  sewage  under  different  velocities  was  made  the  subject  of  special 
study,  as  will  be  reported  elsewhere,  necessitating  a  large  number  of 
determinations  of  both  total  and  volatile  suspended  matter.  Owing 
to  the  pressure  of  other  lines  of  routine  analytical  work,  and  the  large 
amount  of  expensive  apparatus  necessary  in  connection  with  the 
usual  indirect  platinum  evaporation  method  for  work  of  this  character, 
the  direct  Gooch  crucible  method,  used  to  advantage  by  McGowan' 
in  sewage  work,  was  substituted  in  a  material  measure  for  the  more 
tedious  indirect  platinum  method.  Our  experience  in  this  connec- 
tion indicates  that  this  direct  method  possesses  advantages  suffi- 
ciently distinct  to  warrant  its  serious  consideration  by  other  workers 

'Fourth  Report  Royal  Com.  on  Sewage  Disp.,  4,  30,  Pt.  5,  p.  47. 

123 


124  -^-  Elliott  Kimberly  and  Harry  B.  Hommon 

interested  in  the  determination  of  total  and  volatile  suspended  matter 
in  sewage. 

So  far  as  we  are  able  to  learn,  the  application  of  the  Gooch  cru- 
cible to  the  determination  of  the  suspended  matter  in  water  was  first 
suggested  by  Thomas  and  HalP  of  Philadelphia;  in  sewage  analysis, 
so  far  as  we  are  aware,  it  was  developed  by  ISIcGowan,  as 
described  in  detail  in  the  Chemical  Report  to  the  Royal  Commission 
on  Sewage  Disposal,  1905.  The  author  states,  as  a  result  of  his 
experience,  that  the  Gooch  crucible  may  be  relied  upon  to  give  very 
accurate  data  upon  suspended  matter  in  sewages,  with  a  minimum 
expenditure  of  time.  We  have  carefully  studied,  under  Columbus 
conditions,  the  reliability  and  the  general  practical  advantages  of 
this  method  for  the  determination  of  suspended  matter  in  sewage  and 
sewage  effiuents,  and  our  results  indicate  the  correctness  of  the 
assertions  of  the  English  workers. 

This  paper  will  be  devoted  chiefly  to  a  detailed  account  of  our 
experience  with  the  Gooch  crucible  in  sewage  work,  referring  to  the 
determinations  of  the  volatile,  as  well  as  to  the  total  suspended, 
matter,  together  with  a  discussion  of  the  relative  merits,  from  a 
practical  standpoint,  of  the  Gooch  crucible  and  the  indirect  platinum 
methods. 

.  DETMLS  OF  THE  COLUMBUS  METHOD  FOR  THE  DETERMINATION  OF 
THE  TOTAL  AND  VOLATILE  SUSPENDED  MATTER  BY 
THE  GOOCH  CRUCIBLE. 

Preparation  of  asbestos. — Asbestos  adapted  for  use  in  the  Gooch  crucible  may  be 
readily  prepared  from  the  granular  commercial  product  by  digestion  on  a  water  bath 
in  strong  hydrochloric  acid  for  several  hours.  ^  By  successive  decantations  with  dis- 
tilled water,  the  acid  is  completely  removed,  leaving  the  asbestos  practically  free  from 
iron.  High-grade,  long  fiber  asbestos  has  not  been  found  to  yield  as  good  results  as 
the  commercial  asbestos  purified  as  above  described. 

Preparation  of  mat. — Prepare  a  dilute  cream  of  the  washed  asbestos,  which  must 
be  free  from  coarse  particles,  attach  the  crucible*  to  the  filter  flask  in  the  usual  manner, 
start  the  suction,  and  form  a  mat  about  ,V  i"ch  thick  upon  the  bottom  of  the  crucible. 
After  the  a.sbestos  has  drained  completely,  apply  to  the  crucible  a  small  quantity  of 
distilled  water.  If  the  mat  is  of  the  correct  thickness,  the  distilled  water  will  pass 
through  the  filter  at  the  rate  of  about  50  drops  per  minute.  Place  the  crucible  in 
an  oven  at  iio°-i20°  C.  for  15  minutes;  remove  and  ignite  in  a  radiator  for  five 
minutes;  cool  in  a  desiccator  and  weigh.  Before  each  weighing  it  is  expedient  to 
cleanse  thoroughly  with  a  soft  doth  the  outside  surfaces  of  the  crucibles.    In  the  absence 

'Jour.  Am.  Client.  Soc,  ipoa,  24,  p.  538. 
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of  a  platinum  radiator,  we  have  found  that  a  four-inch  nickel  dish,  heated  to  a  dull 
red  heat,  admirably  serves  the  purpose  of  this  method.  During  the  ignition  it  has 
been  the  practice  to  allow  the  crucible  to  rest  directly  upon  the  bottom  of  the  radiator 

Filtration.- — Use  50  c.c,  100  c.c,  or  more  of  the  sample,  decanting  into  the  crucible 
as  great  an  amount  as  possible  of  the  supernatant  water  before  the  main  portion  of 
the  suspended  matter  is  appHed  thereto;  in  this  way  the  filtration  will  be  the  more 
rapidly  accomplished.  Allow  the  liquid  to  disappear  completely  before  adding  sub- 
sequent portions  of  the  sample,  also  to  facilitate  filtration.  When  the  filtration  is 
completed,  rinse  out  the  flask  with  about  15  c.c.  of  distilled  water.  To  guard  against 
imperfect  filtration,  it  is  advisable  to  apply  the  suction  gradually.  In  case  the  filtrates 
are  cloudy,  they  must  be  refiltered  until  clear.  With  a  properly  prepared  mat,  our 
experience  indicates  that  imperfect  filtration  is  of  rare  occurrence. 

Drying  and  igniting. — The  crucible  is  dried  at  iio°-i20°  C.  for  one  hour,  cooled 
in  a  desiccator,  and  weighed,  the  increase  in  weight  representing  the  total  siispended 
matter  in  the  sample.  To  obtain  the  volatile  suspended  matter,  the  weighed  crucible 
is  ignited  in  the  radiator  at  a  low  red  heat,  for  10  minutes  or  to  constant  weight.  The 
completeness  of  the  ignition  may  be  judged  by  the  appearance  of  the  residue.  The 
suspended  matter  in  sewage  work  is  usually  black  in  color,  owing  to  the  presence  of 
sulphide  of  iron.  On  ignition,  as  is  evident,  this  is  oxidized  to  ferric  oxide,  which 
usually  predominates  sufficiently  to  impart  to  the  thoroughly  ignited  residue,  when 
cool,  a  reddish-brown  color.  Our  experience  indicates  that  an  ignition  of  10  minutes 
is  sufficient  to  effect  a  complete  oxidation  of  the  organic  matter  present. 

Removal  of  mat.— To  prepare  the  crucibles  for  further  use,  remove  the  mat,  rinse 
well  in  tap  water,  and  finally  with  distilled  water,  making  sure  that  the  perforations 
in  the  bottom  of  the  crucibles  are  not  clogged. 

A  sj'nopsis  of  the  technique  is  as  follows: 

1.  Prepare  the  asbestos  mat,  -^  inch  thick. 

2.  Wash  in  distilled  water. 

3.  Dry  the  crucible  at  iio°-i20°  C.  for  15  minutes. 

4.  Ignite  for  five  minutes. 

5.  Weigh.     (No.    I.) 

6.  Affix  crucible  to  filter  flask  and  start  suction  ptmip. 

7.  Filter  sample,  decanting  supernatant  into  crucible. 

8.  Wash  residue  with  distilled  water. 

9.  Dr}'  for  one  hour  at  iio°-i2o°  C. 

10.  Cool  in  desiccator. 

11.  Weigh.     (No.  2.) 

12.  Ignite  at  low  red  heat  in  a  radiator  for  10  minutes. 

13.  Cool  in  desiccator. 

14.  Weigh.     (No.  3.) 

W^eight  No.  1= weight  of  crucible  and  mat. 
Weight  No.  2=ditto,  plus  suspended  matter. 
Weight  No.  3=same  as  No.  2,  minus  volatile  matter. 

relative  rapidity  and  accuracy  of  the  gooch  crucible  method. 

The  determination  of  the  sohd  matters  in  sewage  and  in  water,  as 

is  well  known,  requires  considerable  care  and  involves  a  large  expen- 
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diture  of  time.  Where  suspended  matter  results  alone  are  desired, 
the  advantages  of  a  direct  method  are  at  once  apparent.  With  the 
Gooch  method  the  results  under  routine  operation  should  be  available 
in  at  least  two  hours. 

That  an  idea  may  be  had  of  the  accuracy  of  the  Gooch  method 
for  the  determination  of  suspended  matter  in  samples  wherein  the 
matters  in  siispension  vary  widely  in  amount  and  character,  the  fol- 
lowing table  has  been  prepared,  which  contains  representative  data 
for  a  large  number  of  determinations. 

TABLE    I. 
Representative  Duplicate  Determinations  of  Suspended   Matter  by  the   Gooch   Crucible. 


Nature  of  Sample 


Crude  sewage 

Settled  sewage 

Effluents  of  coarse-grain  filters 

Average 


Suspended  Matter, 
Parts  per  Million 


ACCURACY  AND  RELATIVE  ADVANTAGES  OF  THE  GOOCH  CRUCIBLE  AND 
THE   PLATINUM  EVAPORATION  METHODS. 

Total  suspended  matter. — It  is  evident  that  the  data  obtained  from 
the  Gooch  method  will  more  correctly  represent  the  actual  weight  of 
suspended  matter,  inasmuch  as  in  all  other  methods  the  efiiciency  of 
sedimentation  and  of  the  filtration  is  not  sufficient  to  include  colloidal 
matter  or  substances  in  a  very  fine  state  of  subdivision.  It  would 
therefore  be  expected  that  slightly  higher  results  would  be  obtained 
by  the  Gooch  method,  were  all  the  other  factors  associated  with  the 
indirect  platinum  method  left  out  of  consideration. 

To  illustrate  the  extent  to  which  the  colloidal  character  of  the 
suspended  matter  affects  the  accuracy  of  the  usual  indirect  platinum 
method,  the  data  in  the  following  table  are  given.  In  this  table 
widely  different  samples  of  crude  sewage  were  examined  by  the 
platinum  method  in  two  ways;  first,  after  the  usual  filtration  through 
paper,  and  second,  after  filtration  through  asbestos,  as  in  the  Gooch 
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process.     For  the  sake  of  comparison,  the  Gooch  results  were  also 
included  in  the  study. 

The  results  show  with  considerable  clearness  the  extent  to  which 
the  efficiency  of  the  filtration  influences  the  results  by  the  platinum 
method.  The  range  of  colloidal  matter,  as  indicated  from  the  data 
in  the  table  below,  is  from  4  to  22,  averaging  12  parts  per  milhon. 
From  a  practical  standpoint  it  should  be  borne  in  mind  that  the 
platinum  results  a.re  of  equal  value,  since  the  suspended  matter  which 
is  not  included  by  the  evaporation  method  forms  a  portion  of  that 
amount  which  cannot  be  removed  by  plain  subsidence  in  an  economi- 
cal period  of  time. 

TABLE    2. 

Representative  Results  by  Platinum  and  Gooch  Methods,  Showing  the  Effect  of  Colloidal 

Matter  in  Crude  Sewage. 


Suspended  Matter,  Parts  per 
Million 

Apparent 

Sample  of 
Crude 

Sewage 

By  Platinum  Method 
Filtered  through 

By 
Gooch 
Method 

Colloidal 
Matter, 
Parts  per 

Million 

Paper 

Asl-,estos 

, 

06 
94 
98 
72 
188 
170 
362 
196 

102 
98 
114 
86 
200 
192 
364 
210 

99 
95 
100 
96 
193 
180 
368 
223 

2 

Min.  4 
Average  12 

6 

8 

In  the  course  of  our  investigations,  a  large  number  of  determina- 
tions were  made,  comparing  the  Gooch  and  the  platinum  methods. 
The  direct  determination  has  always  given  higher  results,  ranging 
from  I  to  about  33  per  cent,  and  averaging  about  13  per  cent.  As 
noted  above,  the  completeness  of  the  filtration  seems  to  be  one  of  the 
principal  causes  of  these  differences.  The  discrepancies  are  greatest 
where  the  suspended  matters  are  low,  and  especially  where  they  are 
more  or  less  colloidal  in  character.  Thus,  in  the  table  below  it  may 
be  noted  that  the  settled  sprinkling  filter  effluents  give  the  greatest 
variation,  for  in  these  the  suspended  matter  is  usually  quite  finely 
divided. 

Without  detracting  from  the  value  of  the  platinum  results,  which 
of  course  may  be  rnade  more  perfect  by  filtration  through  asbestos 
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or  a  Berkefeld  filter/  our  experience  indicates  that  the  Gooch  cru- 
cible method  is  of  more  practical  applicability,  owing  to  the  relatively 
greater  facility  and  speed  with  which  suspended  matter  data  may  be 
obtained.  Relative  results  by  the  two  methods  are  shown  in  the  fol- 
lowing table: 

TABLE   3- 
Representative  Relative  Total  Suspended  \Utter  Results  by  Gooch  and  Platinum  Methods. 


Source  or  Sajiple 

Suspended  Matter, 
Parts  per  Million 

Per  Cent 
\\'hich  Gooch 
Results  Are 
Higher   than 

Gooch 

Platinum 

Platinum 
Results 

Crude  sewage 

Settled  sewage 

241 
636 
404 
186 
223 
103 
112 
146 
86 
142 

211 
193 

67 
89 

33 

234 

632 

386 

164 

208 

78 

96 

122 

60 

136 

196 

178 

46 

70 

22 

3 

I 
5 
12 
7 
24 
14 
16 

Septic  sewage < 

Coarse-grain  filter 

Settled   effluents   of   coarse-grain 
filter 

30 

4 

7 

8 

31 

21 

33 

Average 

13 

THE  INDIRECT  DETERMINATION  OF  THE  VOLATILE  SUSPENDED  MATTER. 

It  has  been  the  practice  for  many  years  to  ignite  the  dried  and 
weighed  residue  upon  evaporation  of  filtered  and  unfiltered  samples, 
the  loss  in  weight  being  taken  to  indicate  the  amount  of  organic 
matter  present.  The  indirect  determination  of  the  volatile  suspended 
matter  is  subject  to  a  number  of  errors,  as  is  well  understood.  In 
order  that  the  residue  shall  be  as  free  as  possible  from  water  of 
crystallization  in  the  presence  of  incrustants,  and  to  prevent  to  a  con- 
siderable degree  the  loss  of  carbonic  acid  from  magnesium  salts  also, 
and  to  convert  all  alkaline  earth  chlorides  to  the  less  volatile  car- 
bonates, it  is  customary  to  add  a  slight  excess  of  sodium  carbonate. 
Under  such  conditions,  the  residues  do  not  usually  contain  water  of 
crystallization,  which  will  not  be  again  taken  up  when  the  residues 
are  moistened  with  water  and  evaporated.  Owing  to  the  complex 
and  uncertain  composition  of  the  basic  magnesium  carbonate  formed 
during  the  evaporation  with  sodium  carbonate,  considerable  error  is 

'"Report  of  Committee  on  Standard  Methods,"  Jour.  Infect.  Dis.,  1905,  Supplm.  No.  i,  p.  44. 
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introduced  upon  ignition  when  magnesium  is  present,  due  to  the  loss 
of  carbonic  acid  and  some  combined  water.  ^ 

From  the  careful  studies  upon  the  "loss  on  ignition"  made  at  Lawrence  in  1890, 
it  appears  that  the  loss  is  approximately  equal  to  83  per  cent  of  the  weight  of  the  magne- 
sium (Mg)  present.  To  determine  further  data  upon  this  point,  solutions  of  magnesium 
sulphate,  in  amount  corresponding  to  30,  60,  90,  and  120  parts  per  million  magnesium 
(Mg),  were  respectively  treated  with  sodium  carbonate  in  slight  excess,  evaporated 
in  platinum,  dried,  and  weighed.  The  dishes  were  then  ignited  for  two  minutes  in 
the  radiator,  cooled,  moistened  with  water,  re-evaporated,  dried,  and  weighed.  Mag- 
nesium sulphate  was  used  in  this  study  for  convenience.  Since  the  magnesium  of 
the  alkalinity  is  also  precipitated  as  a  basic  carbonate  by  heat  and  sodium  carbonate, 
the  end  result  of  soda  ash  treatment  is  practically  the  same,  whether  or  not,  under 
natural  conditions,  incrustant  magnesium  is  the  only  form  in  which  the  magnesium 
is  present  in  the  sewage. 

From  the  results  which  appear  in  the  table  below,  it  is  shown  that 
the  loss  in  weight,  due  to  the  loss  of  carbonic  acid  and  combined  water 
from  the  dried  basic  magnesium  carbonate,  is  about  50  per  cent  of  the 
total  magnesium  (Mg)  present.  As  the  average  amount  of  magne- 
sium (Mg)  in  the  Columbus  sewage  is  about  60  parts  per  miUion,  the 
ignition  of  the  residue  of  50  c.c.  of  sewage  entails  a  loss  of  0.0015  gram, 
or  30  parts  per  million.  These  errors  tend  to  balance  each  other  in 
the  uniiltered  and  filtered  samples,  so  that  the  suspended  loss  is  not 
affected  to  as  marked  a  degree  as  might  at  first  appear.  The  volatile 
matters,  on  the  other  hand,  are  obviously  somewhat  distorted. 

TABLE   4. 

lyOss  IN  Weight  upon  Ignition  of  Magnesium  Sui.ph.4te  .xnd  Sodium  C,\rbon.\te  in  Radi.ator. 

(Average  of  Two  Experiments.) 


Mg,  Parts 
Per  Million 

Actual 

Weight 

Mg   (Gram) 

Actual 
Weight  of 
Magnesium 

Sulphate 
and  Sodium 
Carbonate 

Loss  in 

Weight 

after  Two 

Min.  Igni. 

(Gram) 

Per  Cent 
Loss  in 
Weight 

30 
60 
90 
120 

0.015 
0.030 
0 .  045 
0.060 

0.0146 
0.028s 
0.0413 
0.0556 

o.ooog 
0.0013 
0 . 002 1 
0.0027 

60 

43 
47 
45 

49 

THE    DIRECT    DETERMINATION    OF    VOLATILE    SUSPENDED    MATTER    BY 
the   GOOCH  CRUCIBLE   METHOD. 

The  evidence  seems  to  be  very  clear  that  the  Gooch  crucible 
method  furnishes  data  upon  volatile  suspended  matter  which  more 

'Mass.  Stale  Board  of  Health  Report,  1S90,  2,  p.  715. 
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correctly  represent  the  actual  conditions,  since  in  this  method  the 
actual  loss  in  weight  resulting  from  the  burning  of  the  organic  con- 
stituents is  measured  by  a  primary  process. 

When  experiments  were  first  begun  looking  to  the  feasibility  of 
the  adoption  of  the  Gooch  crucible,  attention  was  soon  directed  to 
the  great  discrepancies  existing  between  the  volatile  matter  results 
obtained  by  the  Gooch,  as  compared  with  those  given  by  the  platinum 
method.  The  extent  of  the  variability  of  volatile  suspended  matter 
results  by  the  two  methods  may  be  noted  from  the  results  in  the 
following  table: 

lAHLK    5. 
Comparative  Volatile  Suspended  Matter  Results  by  Gooch  and  Platinum  Methods. 


Volatile  Suspended   Matter 

SouRCK  ov  Sampi.k 

Parts  per  Million 

Per  Cent 
Which 

Gooch 

Platinum 

Platinum 
Is  of  Gooch 

132 

205 

174 

107 

T24 

65 

74 

70 

74 

4.'; 

5° 

4X 

23 

2.S 
23 

q6 
28 
1.^8 
70 
06 
32 

sf> 

40 
46 
28 
30 
24 
2 
4 

4 

72 
63 
S5 
6.S 
77 
40 
76 
5' 
62 
62 
60 

17 

!fi 
17 

} 

Settled  sewage •) 

Septic  sewage ^ 

Effluent  of  toarse-grain  filter.  .  j 

J. 

Settled     effluent     of     coar=e-| 

grain  filler ] 

A\erage 

83 

40 

•■^O 

FACTORS  ASSOCIATED  WITH  THE  VARIABLE  RESULTS  OF  THE  INDIRECT 

EVAPOR.\TION    METHOD    AS    EXPLANATORY    OF    THE 

DISCREPANCIES    EXISTING    BETWEEN    THE 

GOOCH  AND  PLATINUM  METHODS. 

The  results  given  in  the  ])rcceding  tal)le,  showing  such  wide  varia- 
tion in  the  volatile  suspended  matter  figures  for  the  same  example, 
but  examined  by  two  different  methods,  suggest  that  one  of  them 
must  be  oj)en  to  .serious  criticism.  Since  in  the  Gooch  method  we 
are  dealing  with  the  actual  suspended  matter,  it  would  appear  that 
the  discrepancies  must  be  looked  for  in  the  indirect  method,  which, 
as  is  well  understood,  is  subject  to  many  inherent  sources  of  error 
when  it  becomes  a  (juestion  of  the  absolute  significance  of  the  results.' 

'Mass.  Stale  Bminl  n/  Ilnillh  Re  fori.  i8<jo,  2.  p    715. 


Total  and  Volatile  Suspended  Matter  in  Sewage     131 

One  of  the  chief  variables  in  the  standard  platinum  method, 
which  affects  the  indirect  volatile  suspended  matter  determination, 
refers  to  the  incompleteness  and  uncertain  character  of  the  ignition. 
These  irregularities  have  to  do  with  the  temperature  of  ignition,  the 
time  of  ignition,  and  the  relative  amount  and  character  of  the  mineral 
salts  present.  It  is  clear  that  the  temperature  of  ignition  must  not 
be  raised  above  the  volatilization  point  of  chlorides,  nor  above  that 
at  which  oxygenated  compounds  become  deoxygenated;  and,  as  is 
well  known,  it  is  to  avoid  such  compUcations  that  the  radiator  is  used. 
Under  such  limitations  it  is  apparent  that  the  completeness  of  the 
combustion  of  the  carbon  will,  in  a  large  measure,  depend  upon  its 
state  of  division,  and  perhaps  upon  the  more  important  factor  asso- 
ciated with  the  occluding  property  of  the  inorganic  salts  present.  A 
close  examination  of  residues  ignited  in  platinum,  according  to  the 
standard  procedure,  will  show  small  particles  of  carbon  remaining 
unoxidized.  Since  a  complete  ignition  is  understood  to  yield  a 
residue  white  in  color,  save  for  the  possible  stain  of  oxide  of  iron,  it  is 
obvious  that  the  present  practice  in  regard  to  loss  on  ignition  falls 
short  of  complete  oxidation.  Owing  to  the  occlusion  by  the  pre- 
dominating mineral  salts  in  residues  from  hard  sewages,  the  loss  on 
ignition  results  tend  to  be  low,  as  already  noted.     To  illustrate  the 


TABLE   6. 
Relative  Effect  of  Second  Ignition  upon  the  Total  and  Dissolved  Volatile  Matter. 


Volatile  Matter 

Character  of 
Sample 

Parts  per  Million 

Per  Cent  Which  First 

Ignition  Is  of  Second 

Ignition 

Total 

Dissolved 

I  St 

Ignition 

2d 

Ignition 

ISt 

Ignition 

2d 

Ignition 

Total 

Dissolved 

72 

104 

98 

70 

178 

160 

74 

162 

182 

68 

7° 

66 

92 
126 
106 

96 
200 
1S6 
no 
188 
208 

08 
100 
108 

44 

76 

78 

42 

114 

114 

40 

114 

126 

40 

40 

40 

54 
88 
82 
58 
122 
134 
58 
126 
156 

^2 

48 
50 

78 
82 
91 

89 
86 
67 

86 
88 
70 
70 
61 

81 

86 

Settled  sewage ^ 

05 
77 
93 
85 
70 

Effluent  of  coarse- grain 
filter 

81 
77 
83 
80 

Average 

78 

S3 
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extent  to  which  the  occlusion  of  volatile  matter  by  the  mineral  con- 
stituents of  the  residue  is  a  factor  in  controlling  the  loss  in  weight  on 
ignition,  and  also  to  illustrate  what  is  thought  to  be  one  of  the  greatest 
sources  of  error  in  the  determination  of  volatile  suspended  matter  by 
the  platinum  method,  the  preceding  table  has  been  prepared,  in  which 
are  presented  data  representative  of  a  large  number  of  determina- 
tions upon  the  point  under  discussion. 

In  the  Fourth  Report  0}  the  Royal  Bureau  of  Sewage  Disposal  and 
Water  Purification  at  Berlin,'  in  an  account  of  the  investigations  at 
Cologne,  Germany,  the  method  used  for  the  determination  of  the 
total  and  volatile  suspended  matter  is  given  in  detail.  As  refers  to 
volatile  matter,  their  method  of  ignition  merits  special  comment, 
since  it  aims  to  ensure  a  ver}^  complete  ignition,  ehminating  the  occlu- 
sion factor  to  which  we  have  already  referred.  In  brief,  the  technique 
involves  repeated  ignitions,  followed  by  applications  of  distilled 
water,  until  the  small  particles  of  carbon  occluded  by  the  mineral 
matter  have  entirely  disappeared,  leaving  a  pure  white  residue. 
Usually  from  four  to  six  ignitions  wTre  necessar}'.  To  effect  the 
ignition,  the  dish  was  moved  cautiously  back  and  forth  over  a  free 
flame  from  a  mushroom  burner.  As  soon  as  considerable  charring 
was  noted,  the  residue  was  moistened  with  water,  the  water  evapo- 
rated, and  the  ignition  repeated  as  before.  After  the  final  ignition  the 
residue  was  moistened  with  a  few  drops  of  ammonium  carbonate 
solution,  and  then  slightly  warmed,  in  order  to  take  up  again  the 
carbonic  acid  which  might  have  been  driven  off  in  spite  of  the  cautious 
heating. 

Although,  in  the  presence  of  magnesium,  considerable  error  seems 
inevitable,  yet  this  method  appears  to  be  an  improvement  over  the 
ignition  practices  in  this  country,  in  which  the  occlusion  of  particles 
of  organic  matter  by  the  mineral  constituents  of  the  residue  is  often 
a  factor  of  considerable  moment.  To  learn  the  extent  to  which  the 
increased  loss  in  weight  could  be  attributed  to  the  loss  of  carbonic  acid 
from  basic  magnesium  carbonate  in  the  presence  of  sodium  carbonate, 
a  second  ignition  was  made  of  the  residues  obtained  in  the  magnesium 
experiments  already  described.  It  appears  from  these  results  that 
there  may  be"an  additional  loss  of  about  8  per  cent,  or  about  five  parts 
per  milhon  for  60  parts  of  magnesium  (Mg),  which  is  not  to  be  traced 

'Report  of  Royal  Bureau  oj  Sewage  Disposal  and  Water  Purification,  Berlin,  Germany,  1904. 
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to  the  more  perfect  combustion  of  the  organic  matter.  Such  errors 
as  this  obviously  affect  the  total  loss  on  ignition  values  rather  than  the 
volatile  suspended  matter  results^  as  before  mentioned.  The  effect 
of  a  second  ignition  upon  basic  magnesium  carbonate  is  shown  in 
the  following  table: 

TABLE  7. 

Effect  of  Second  Ignition  upon  Basic  Magnesium  Carbonate. 


(Mo) 

Parts  per 

Million 


3°- 
60. 
90. 
120. 


Average. 


Actual 
Weight 

Mg 
(Gram) 


Loss  IN  Total 
Weight  (Gram) 


First 
Ignition 


.0150 
.0300 
.0450 
.0600 


0.0009 
0.0014 
0.0019 
0.0023 


Second 
Ignition 


o.ooio 
0.0018 
0.0023 
0.0027 


Per  Cent  Tot.al 
Loss  IN  Weight 


First 
Ignition 


Second 
Ignition 


To  determine  the  effect  of  further  treatment  wath  water  and  a 
second  ignition  in  the  radiator,  residues  from  the  usual  processes  have 
been  so  treated.  Upon  the  reapplication  of  distilled  water,  and  as 
a  result  of  the  second  ignition,  we  have  obtained  residues  containing 
no  visible  particles  of  carbon.  How  far  the  eHmination  of  the  occlu- 
sion factor  will  increase  the  value  of  the  suspended  loss  on  ignition 
results,  the  following  comparative  data  may  serv'^e  to  illustrate.  These 
results  also  indicate,  in  a  general  way,  that  a  second  application  of 
water  and  a  reignition  of  the  residue  from  the  first  ignition  would 
greatly  enhance  the  value  of  loss  on  ignition  data,  bearing  in  mind  the 
magnesium  factor  already  discussed. 

TABLE   8. 
Relative  Results  by  Goocn  and  Platinum  Methods  Showing  Effect  of  Second  Ignition. 


Volatile  Suspended  >Lvtter, 
Parts  per  Million 

Character  of 
Sample 

Platinum  Method 

Two  Minute 
Ignition 

Second  Ignition 
Three  ^Iinutes 

Gooch  Method 

28 
82 
28 

34 

30 

28 

4 

4 

38 
92 
38 

52 

52 
46 
28 
30 

43 

44 

53 
50 
44 
28 
30 

Effluent  coarse-grain   fil-f 
ter 1 

Settled  effluent  of  coarse-/ 
grain  filter 1. 
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SUMMARY    AND   CONCLUSIONS. 

The  results  of  these  studies  seem  to  show,  with  considerable 
clearness,  the  practical  applicability  of  the  Gooch  crucible  to  the 
determination  of  the  amount  and  character  of  the  suspended  matter 
in  sewages  and  in  sewage  effluents.  The  advantages  of  the  Gooch 
crucible  method  consist  in  accuracy,  speed,  and  completeness  of 
filtration,  and  the  comparatively  small  number  of  operations  entailed 
in  its  technique.  Compared  with  the  usual  platinum  evaporation 
method,  and  aside  from  the  admitted  superiority  of  a  direct  process, 
the  use  of  the  Gooch  crucible  very  materially  reduces  the  time  and 
labor  involved  in  manipulation.  It  eliminates  the  errors  of  the 
evaporation  method,  relating  to  uncertain  amounts  of  water  of 
crystalHzation  in  the  dried  total  and  dissolved  residues,  respectively, 
and  the  HabiHty  to  a  variable  loss  during  ignition,  due  to  deoxygenaf- 
ing  decomposition  and  volatilization  of  certain  mineral  salts.  As 
indicated  also,  the  Gooch  method  not  only  gives  results  the  equal  of 
those  obtained  by  the  platinum  method,  but,  when  desired,  it  affords 
a  practical  means  for  estimating  the  amount  of  very  finely  divided 
suspended  matter  usually  contained  in  sewages. 

In  the  case  of  the  platinum  evaporation  method,  our  results  sug- 
gest the  strong  advisability  that  a  second  ignition  should  be  included 
in  the  standard  procedure,  both  for  sewage  and  for  polluted  water, 
since  by  this  means  a  more  nearly  perfect  combustion  of  the  organic 
matter  seems  assured  at  radiator  temperature.  An  initial  partial 
ignition  of  the  residue,  followed  by  the  application  of  a  small  amount 
of  distilled  water,  evaporation,  and  a  second  ignition,  it  is  thought, 
would  ensure  a  very  complete  oxidation  of  the  organic  matters  at  a 
low  radiator  temperature,  thus  obtaining  the  most  etTicient  result  at  a 
temperature  far  below  the  volatilization  point  of  mineral  matter. 
Further,  it  is  considered  that  asbestos  could  be  used  to  advantage  as 
a  filtering  material  in  sewage  work,  in  order  to  effect  a  more  complete 
removal  of  finely  divided  suspended  matter  than  is  possible  by  the 
use  of  filter  paper. 

During  the  investigations  at  Columbus,  over  500  determinations 
of  susjjcnded  matter  were  made  by  the  Gooch  crucible  method,  in 
samples  ranging  from  the  crude  sewage  containing  as  high  as  1,500 
narts  [)er  million  of  total  suspended  matter,  to  settled  effluents  from 


Total  and  Volatile  Suspended  Matter  in  Sewage     135 

sprinkling  filters  containing  as  low  as  20  parts  per  million  of  sus- 
pended matter,  duplicate  results  showing  that  the  method  was  at 
least  applicable  to  this  range  of  suspended  matter  in  amount  and 
character. 

Such  being  the  range  of  the  applicability  of  the  Gooch  crucible 
method  and  in  view  of  the  several  advantages  it  possesses  over  the 
indirect  platinum  method  for  the  determination  of  suspended  mat- 
ters, the  conclusion  seems  justified  that,  for  practical  routine  work 
upon  sewage,  especially  in  investigations  relating  to  physical  ques- 
tions involved  in  sewage  purification,  the  Gooch  crucible  method 
deserves  recognition  as  a  standard  method. 

In  conclusion  the  writers  desire  to  express  their  thanks  to  Mr. 
Juhan  Griggs,  chief  engineer  of  the  Board  of  Public  Service,  Colum- 
bus, Ohio,  through  whose  courtesy  they  have  been  permitted  to  pub- 
hsh  the  results  of  these  studies  in  advance  of  the  regular  testing- 
station  report.  Further,  they  desire  heartily  to  acknowledge  the 
valuable  criticisms  of  Mr.  George  W.  Fuller,  consulting  engineer, 
and  the  helpful  suggestions  of  Mr.  George  A.  Johnson,  engineer  in 
charge  of  the  Columbus  Testing  Station. 


THE  RESISTANCE  TO   DECOMPOSITION   OF   CERTAIN 
ORGANIC   MATTERS   IN   SEWAGE. 

H.  W.  Clark. 

This  investigation,  in  regard  to  the  resistance  to  decomposition  of 
certain  organic  matters,  was  begun  in  order  thoroughly  to  comprehend 
the  conditions  prevailing  in  certain  sand  filters  which  had  received 
sewage  for  periods  var\'ing  from  lo  to  17  years.  Studies  of  the  work 
accomplished  by  these  filters  during  these  many  years  of  operation 
show  that  only  about  55  per  cent,  of  the  nitrogen  in  the  sewage 
applied  to  them  has  appeared  in  their  effluents.  Studies  of  muni- 
cipal areas,  moreover,  receiving  a  fresher  sewage,  have  shown  that 
only  about  30  per  cent  of  the  applied  nitrogen  appears  in  the  efflu- 
ents from  these  areas.  Much  of  the  remaining  nitrogen  is  set  free 
by  nitrogen-liberating  bacteria;  but  a  small  percentage  of  the  nitro- 
genous matters  is  resistant  to  bacterial  actions  and  accumulates 
within  the  filter — from  4  to  8  per  cent  in  the  experimental  filters  at 
Lawrence.^ 

The  filters  under  discussion  had  stored,  in  the  period  stated, 
enough  organic  matter  seriously  to  impair  their  satisfactory  opera- 
tion; that  is,  the  upper  layers  of  these  filters  had  become  clogged  to 
such  an  extent  that  it  was  necessary  to  break  through  these  layers  and 
to  ridge  and  trench  the  surface  of  the  filters  in  order  that  good  puri- 
fication of  the  applied  sewage  might  be  obtained.  It  was  hoped 
that,  by  this  surface  treatment,  the  sand  piled  in  ridges  would  lose 
the  larger  part  of  its  stored  organic  matters  by  the  work  of  the  bacteria 
present,  thus  given  a  chance  to  work  over  the  organic  matter  stored 
in  the  sand,  rather  than  the  organic  matter  in  the  sewage  applied 
daily. 

From  the  sand  of  the  ridges,  arranged  in  this  way  upon  the  three 
filters  chiefly  studied,  differing  amounts  of  nitrogen  disappeared. 
From  the  ridges  upon  two  filters  constructed  of  coarse  sand,  46  per  cent 
of  the  stored  nitrogen  disappeared  in  three  months,  and  from  the 
ridges  upon  a  filter  constructed  of  comparatively  fine  sand,  only 

■  For  a  fuller  account  of  this  work,  see  Report  ol  Massachusetts  Stale  Board  of  Heatllt,  1904. 
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about  10  per  cent  disappeared  in  an  equal  period.  The  residual 
nitrogenous  matters  remaining  upon  the  sand  in  these  ridges  remained, 
however,  after  this  first  quick  and  easy  removal,  month  after  month 
without  change,  during  weather  favorable  to  bacterial  activity  in  the 
filters. 

Following  this  work,  small  filters  of  sand,  taken  from  the  upper 
portions  of  the  three  sand  filters  under  investigation  and  rich  in 
organic  matter,  were  constructed.  These  small  filters,  started  early 
in  May,  1904,  were  placed  in  the  laboratory  and  kept  under  con- 
ditions favorable  to  nitrification.  Each  of  these  filters  was  flooded 
with  water,  and  the  rate  of  operation  of  each  was  30,000  gallons  per 
acre  daily.  Nitrification  started  immediately  in  the  filter  constructed 
of  coarse  sand,  and  at  the  end  of  a  week  of  operation,  the  effluent  of 
this  filter  contained  15  per  cent  of  nitrates  per  100,000.  In  the  other 
two  filters,  nitrification  also  started  quickly,  and  the  nitrates  in  the 
effluent  of  each  became  comparatively  high  very  soon  after  the 
beginning  of  their  operation.  The  nitrates  remained  high  for  about 
two  months,  and  much  of  the  nitrogenous  organic  matter  on  the  sand 
was  removed  during  this  period;  from  the  filter  of  coarse  sand,  70 
per  cent,  and  from  the  remaining  filters  55  and  30  per  cent,  respec- 
tively. At  the  end  of  this  period  of  quick  nitrification,  however, 
'although  conditions  were  the  same,  nitrification  practically  ceased, 
and  the  organic  matter  upon  the  sand,  both  nitrogenous  and 
carbonaceous,  remained  constant  in  amount.  Determinations  of  the 
nitrogen  in  each  filter  and  in  the  effluent  of  each  were  made,  and 
it  was  shown  that  of  the  total  amount  of  nitrogen  removed  from  the 
sand  of  each  fflter  during  its  period  of  operation  a  very  varying 
amount  had  passed  off  in  the  three  effluents;  in  the  effluent  of  one, 
only  18  per  cent  of  the  total  amount,  in  the  effluent  of  the  second,  23 
per  cent,  and  in  the  effluent  of  the  third,  71  per  cent.  That  is  to  say, 
much  nitrogen  lost  from  the  sand  passed  away  in  the  air,  as  the  result 
of  the  work  of  the  nitrogen-liberating  bacteria  undoubtedly  present  in 
each  filter,  the  largest  amount  being  liberated  from  the  filter  of 
coarsest  sand. 

After  nitrification  had  been  low  in  each  filter  for  a  period  of  several 
months,  and  the  organic  matter  upon  the  sand  had  remained  at  a 
practically  constant  figure,  as  shown  by  various  analyses,  attempts 


138  H.  W.  Clark 

were  made  to  increase  nitrification,  by  dosing  each  filter  with  chemi- 
cals or  cultures  of  bacteria,  to  induce  the  activity  of  the  nitrifying 
organisms.  Small  amounts  of  sewage  were  added,  also,  in  order  to 
be  sure  that  nitrifying  bacteria  were  present  in  each  filter,  but  this 
was  without  efi"ect  in  increasing  nitrification.  Further,  in  order  to 
prove  that  the  filters  were  capable  of  producing  nitrates,  if  easily 
nitrified  matter  was  applied  to  them,  a  solution  of  ammonium  chloride 
and  sodium  carbonate  was  applied  to  one  filter,  and  peptone  to  a 
second  filter.  Following  the  application  of  these  substances,  nitri- 
fication again  became  high  in  each  filter,  but  ceased  quickly  when 
these  bodies  were  omitted  from  the  water  applied. 

In  order  to  study  further  the  character  of  the  matter  stored  in 
these  filters,  determinations  of  the  total  organic  matter  present  were 
made.  By  this  means,  it  was  found  that  the  nitrogen  present  was  a 
very  small  and  varying  per  cent  of  the  total  organic  matter,  probably 
not  more  than  3  per  cent,  judging  from  many  analyses,  and  that 
the  principal  clogging  matter  upon  the  sand  was  carbonaceous  and  of 
the  nature  of  cellulose.  The  investigation  is  still  under  way,  but  so 
far  shows  clearly  that  there  is  in  ordinary  domestic  sewage  a  certain 
small  percentage  of  exceedingly  stable  carbonaceous  and  nitrogenous 
matter,  that,  accumulating  year  after  year,  seriously  impairs  the  work 
of  these  filters;  that  these  matters  are  but  slowly  affected  by  the 
ordinary  bacterial  actions  depended  upon  to  oxidize,  or  cause  the  dis- 
appearance, of  organic  matter;  that  even  when  this  clogged  sand  is 
taken  from  the  filters  and  placed  under  conditions  favorable  to  nitri- 
fication, as  in  the  small  filters  described  in  this  paper,  a  considerable 
portion  of  the  organic  matter  remains  unaffected ;  that  the  larger  part 
of  this  matter  is  of  a  carbonaceous  rather  than  of  a  nitrogenous 
nature.  The  practical  bearing  of  this  is  that  it  indicates  clearly  that 
from  the  ordinary  intermittent  sand  filter  for  the  disposal  of  sewage, 
sand  will,  in  most  instances,  eventually  have  to  be  removed,  not- 
withstanding careful  oversight  and  good  operation  of  such  filters. 


THE   COLLECTION  AND  PRESERVATION  OF  SAMPLES 
OF  SEWAGE   FOR  ANALYSIS. 

Stephen  DeM.  Gage  and  George  O.  Adams. 

It  is  well  known  that  the  composition  of  the  sewage  from  any 
source  is  not  uniform,  varying  with  the  time  of  day,  the  amount  of 
surface  water  entering  the  sewers,  and  also  with  the  temperature  and 
with  the  time  which  elapses  between  collection  and  analysis.  The 
variations  in  the  composition  due  to  these  different  factors  have  been 
frequently  discussed,  and  it  is  unnecessary  to  enter  into  their  further 
consideration  at  this  time. 

In  the  design  and  control  of  sewage  disposal  systems  it  is  of  the 
first  importance  to  obtain  the  true  average  composition  of  each  day's 
flow  of  sewage,  by  collecting  series  of  samples  covering  24  hour 
periods.  The  number  of  such  samples  which  may  be  collected  is 
usually  limited,  however,  by  the  capacity  of  the  testing  laboratory  to 
make  the  necessary  analytical  determinations  before  decomposition 
has  started,  and  also  unless  exceptional  facilities  for  the  transporta- 
tion of  samples  are  provided,  the  time  elapsing  between  collection 
and  analysis  is  sufficient  in  many  cases  to  affect  seriously  the  accuracy 
of  the  results.  If  some  simple  and  effective  method  of  preserving 
these  samples  were  used,  the  capacity  of  the  laboratory  to  handle 
a  series  of  samples  would  be  greatly  increased,  as  the  work  could  be 
extended  over  several  days;  and  there  would  also  be  an  increase  in 
the  value  of  the  analytical  results,  since  the  samples  when  analyzed 
would  be  in  the  same  condition  as  when  collected. 

In  the  control  of  many  municipal  sewage  areas  it  is  customary  to 
send  samples  to  a  central  laboratory  at  stated  times,  and  from  the 
results  of  the  analyses  of  these  samples  to  interpret  the  purification 
accomplished  by  the  area.  That  these  samples  are  not  representa- 
tive is  well  known,  but  hitherto  attention  has  been  centered  on 
improving  the  analytical  methods,  to  the  neglect  of  methods  of  samp- 
ling. Monthly  or  semi-monthly  analyses  of  average  samples,  made 
up  of  small  portions  collected  two  or  three  times  daily  and  preserved 
in  some  manner  by  the  filter  attendants,  would  yield  more  representa- 
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tive  results  without  imposing  any  great  burden  on  the  fiUer  attendants. 

Two  methods  of  preserving  samples  are  open  to  us:  the  use  of 
cold  and  the  use  of  chemicals.  The  use  of  cold,  while  fairly  satis- 
factory for  short  periods,  is  limited  by  the  fact  that  ice  is  not  readily 
obtainable  at  sewage  disposal  works,  is  difficult  to  handle,  increases 
transportation  charges,  and  even  when  obtainable  is  less  convenient 
than  chemical  treatment.  It  is  generally  understood  that  the  decom- 
position which  takes  place  in  sewage  and  in  the  effluents  from  sewage 
filters  is  largely,  if  not  entirely,  due  to  bacteriolytic  action.  To  be 
thoroughly  effective,  then,  the  chemical  employed  as  a  preservative 
should  immediately  check  all  bacterial  action,  should  be  compara- 
tively cheap  and  easily  obtainable,  and,  above  all,  should  not  interfere 
with  any  of  the  chemical  determinations. 

The  report  of  the  Committee  on  Standard  Methods  of  Water 
Analysis,'  discussing  the  time  which  may  be  allowed  to  elapse  between 
collection  and  analysis  of  samples,  states  (p.  14)  that  six  hours  is  the 
maximum  which  may  be  permitted  for  sewages  and  the  effluents 
from  sew^age  purification  systems.  On  p.  15,  the  report  says:  "If 
sterilized  by  the  addition  of  chloroform,  formaldehyde,  mercuric 
chloride,  or  some  other  disinfectant,  samples  for  chemical  and 
microscopical  examination  may  be  allowed  to  stand  for  longer 
periods " 

Neither  formaldehyde  or  mercuric  chloride  conforms  to  the 
requirements  of  an  ideal  sew^age  preservative,  in  that  both  interfere 
with  certain  of  the  chemical  determinations,  formaldehyde  giving  a 
yeflow  color  with  Nessler  reagent  in  the  free  ammonia  determinations 
and  reducing  the  permanganate  of  potash  in  the  oxygen  consumed 
process,  and  mercuric  chloride  interfering  with  the  determinations  of 
both  chlorine  and  solids.  For  many  years,  mercuric  acetate  has 
been  used  at  the  Lawrence  Experiment  Station  for  preserving  aver- 
age samples  of  sewage;  but  while  the  disinfecting  action  of  this  has 
been  entirely  satisfactory,  it  is  not  readily  obtained,  and  interferes 
with  the  determination  of  the  solids. 

As  a  result  of  studies  made  at  the  Lawrence  Experiment  Station 
during  the  past  year,  it  has  been  found  that  chloroform  and  carbon- 
bisulphide  most  nearly  fulfil  the  ideal  conditions.     Both  are  readily 

■  Jour.  Inject.  Dis.,  1905,  Supplm.  No.  1    p.  i. 
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obtainable,  are  sparingly  soluble  in  water,  and,  being  heavier  than 
water,  do  not  evaporate  rapidly,  requiring  only  a  small  amount  in 
each  sample.  Chloroform,  however,  is  the  more  satisfactory  of  the 
two,  being  more  pleasant  to  use,  thoroughly  effective,  and,  so  far  as 

TABLE    I. 

The  Results  of  Chemical  Determinations  on  Duplicate  S.^mples  with  and  without  the 
Presence  of  Chloroform. 


Free  Ammonia 

Albuminoid  Ammonia 

With 
Chloroform 

Without 
Chloroform 

With 
Chloroform 

Without 
Chloroform 

Effluent  sand  filter 

Effluent  trickling  filter 

Effluent  contact  filter 

Effluent  septic  tank 

Raw  sewage 

0.0434 
0.9750 
0. 1120 
1 . 0000 
0 . 6600 
2.2000 
5.3000 

0.0426 
0.9500 
0. 1040 
I . 0800 
0 . 6800 
2 . 2000 
5 . 1000 

0.0220 
0. 1460 
0 . 0960 
0.1480 
0. 1500 
0. 1900 
0.4400 

0.0220 
0.1340 
0. 1020 
0. 1360 
0. 1260 
0 . 2300 
0.4300 

nitrogen 

AS 

Nitrates 

Nitrites 

With 
Chloroform 

Without 
Chloroform 

With 
Chloroform 

Without 
Chloroform 

Effluent  sand  filter 

Effluent  trickling  filter 

Effluent  contact  filter 

2.94 
2.94 
I-5I 
1-43 
0.02 
I  03 

2.94 
3.11 
1.60 
1.60 
0.02 
1.07 

woo  0  0  0    • 

to  <N    ■*   N    0       • 
00000       • 
00000       • 

6  6  6  6  6   ■ 

<N  tN  0  0  0    • 

to  to  "i-  tN  0     • 
00000     • 
00000     • 

d  d  0  0  0    • 

Chlorine 

Oxygen  Consumed 

With 
Chloroform 

Without 
Chloroform 

With 
Chloroform 

Without 
Chloroform 

Effluent  sand  filter 

Effluent  trickling  filter 

Effluent  contact  filter 

Effluent  septic  tank 

W."         "         "       

10.20 
8.42 
7  so 

10.58 
9.60 
8.80 
9.20 

10. 10 

10.20 
8.42 

7-.';o 
10.58 
9.60 
8.80 
9.20 
10.10 

0.37 
i-Si 
1.58 
1.20 
0.82 
3  64 
1. 12 
5-45 

0.37 
1.60 
1.18 
1.26 
0.74 
3.60 
1.30 
5 -70 

organic  nitrogen  (kjeldahl). 


With 

Without 

Chloroform 

Chloroform 

Effluent  sand  filter 

0.2698 

Effluent  trickling  filter 

0.2936 
0.1788 

0-2558 
0.1779 

Effluent  contact  filter 

0.187S 
0.2731 

0.1779 
0.2772 

Effluent  septic  tank.. . . 

0.2706 

0.2854 
0 . 4400 

0.2501 
0.2837 
0.4300 

Raw  sewaoce 
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we  have  been  able  to  determine,  not  interfering  with  any  of  the 
chemical  determinations.  Carbon-bisulphide  interferes  with  the 
determination  of  nitrates  by  the  aluminum  method,  and  is  decom- 
posed by  some  sewages  into  hydrogen  sulphide  or  free  sulphur,  which 
interferes  with  some  of  the  chemical  determinations,  and  renders  it 
less  effective  in  preventing  bacterial  decomposition.  In  order  to 
prove  that  chloroform  had  no  effect  on  the  results  of  the  various 
analytical  determinations,  many  determinations  were  made  of 
samples  with  and  without  the  addition  of  that  substance.  Some  of 
these  comparative  determinations  are  shown  in  Table  i,  from  which 
it  is  seen  that,  while  the  results  vary  slightly  among  themselves, 
they  are  well  within  the  limits  of  error  of  sampling  and  analysis. 

Experiments  were  then  made  to  determine  the  proportion  of 
chloroform  necessary  to  destroy  the  bacteria,  or  at  least  to  prevent 
them  from  multiplying.  Various  amounts  of  chloroform  were  added 
to  bottles  of  sewage  from  which  the  suspended  matter  had  been 
removed  by  filtering  through  paper,  and  the  samples  were  allowed 
to  stand  in  the  laboratory,  determinations  of  the  numbers  of  bacteria 
being  made  at  frequent  intervals.  In  these  experiments  it  was 
found  that  between  5  and  10  c.c.  of  chloroform  in  one  gallon  of  sewage 
would  control  the  bacteria,  this  amount  making  practically  a  satu- 
rated solution.  In  practice  based  on  further  experiments,  it  has  been 
found  advisable  to  add  somew^hat  more  chloroform,  and  to  recover 
the  excess  when  the  analyses  are  complete.     The  recovery  is  easily 

TABLE    2. 
The  Effect  of  Different  Amounts  of  Chloroform  on  the  Bacteria  in  One  Gallon  of  Sewagk. 

(Bacteria  per  c.c.) 


Elapsed  Time 


Start..  . 

1  day.. 

2  days. 
3 
4 
5 
7 


No  Chloroforni 


2  c.c.  of  Chloroform 


1,270,000 

1,300,000 

1,650,000 

760,000 

2,200,000 

1,160,000 

6^0,000 

1,140,000 

Q00,000 

1.600,000 

730,000 

2,000,000 

830,000 

3,050,000 

820,000 

7,200.000 

480,000 

5,250,000 

100,000 

J,  1 20,000 

80,600 

6,840,000 

500,000 

10,800,000 

280,000 

15,120,000 

380,000 

21,650,000 

14,000 

6,770.000 

71.400 

14.040,000 

24..SOO 

2,250,000 

5  c.c.  of  Chloroform 


370.000 

3.000 

6,500 

75 

2,000 

3.900 

1.600 

22,400 

140 

5, 800 

6,800 

1 08, 000 

4,600 

00 

28,600 

10.200 

280 


10  C.C.  of  Chloroform 


10,000 

300 

16 

16 

po 

75 

60 

180 

30 

5 

30 

90 

100 

42 

32 

75 

60 
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made  by  inverting  the  samples  over  a  funnel  in  another  bottle  filled 
with  water,  when  the  chloroform  sinks  into  the  lower  bottle,  and 
may  be  distilled  when  a  sufficient  amount  has  accumulated.  The 
effectiveness  of  different  proportions  of  chloroform  in  controlhng 
bacterial  hfe  is  shown  in  Table  2. 

As  a  method  of  preservation  would,  in  practical  use,  be  subjected 
to  considerable  variation  in  temperature,  experiments  were  made  to 
determine  the  effectiveness  of  chloroform  in  preserving  samples  which 
were  allowed  to  stand  at  different  temperatures.  Samples  of  sewage, 
from  which  the  suspended  matter  had  been  removed  by  filtering 
through  paper,  were  treated  with  chloroform  and  incubated  at  10°, 
20°,  and  30°  C,  respectively,  analyses  being  made  at  frequent 
intervals.  The  results  of  the  various  determinations  fluctuated  more 
or  less,  but  no  regular  change  appears  to  have  taken  place  in  any  of 
the  samples,  and  it  is  probable  that  the  fluctuations  were  due  to 
errors  in  obtaining  the  proper  sample  from  the  bottle  and  in  the 
chemical  methods.  The  most  noticeable  change  was  in  the  oxygen 
consumed,  and  part  of  this  may  have  been  due  to  oxidation  during 
the  numerous  shakings  incident  to  removing  samples  for  13  analyses. 
The  various  analytical  results  in  one  experiment  with  sewage  treated 
with  chloroform  standing  at  different  temperatures  are  shown  in 
Tables  3,  4,  and  5. 

In  order  to  test  the  applicabihty  of  the  method  to  sewages  which 
had  been  more  or  less  completely  purified,  experiments  were  made  in 

TABLE   3. 
Sewage  Treated  with  Chloroform  Standing  at  io°  C. 


Elapsed  Time 


Free 
Ammonia 


Albuminoid 
Ammonia 


Organic 
Nitrogen 
(Kjeldahl) 


Ratio  of 

Albuminoid 

Nitrogen  to 

Kjeldahl 

Nitrogen 


Oxygen 
Cons. 


Bacteria 
per  c.c. 


Start..  . 

1  day. 

2  days 

3  " 

4  " 
.S  " 
7     " 

10  " 
IS  " 
17  " 
22  " 
28  " 
36  " 
42     " 


5.10 
5-3° 
4.50 
5.60 
5.60 
5.00 
4.90 
5.20 
4.70 
5.20 
4.80 


00 


43 

0 

43 

0 

46 

0 

45 

0 

44 

0 

43 

0 

39 

0 

42 

0 

47 

0 

38 

0 

42 

0 

39 

0 

41 

0 

.82 
.81 

■  78 

•74 
■92 
.82 
.78 
.91 
•74 
.84 
.83 
■83 
•  67 
74 


5  5 

6  5 
3  4 
I  5 

1  4 
o  5 

3  4 

2  4 
5  4 
8  4 
5  4 
5  4 
8  4 

4  4 
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TABLE   4. 
Sewage  Treated  with  Chloroform  Standing  at  20°  C. 


Elapsed  Time 

Free 
Ammonia 

Albuminoid 
Ammonia 

Organic 
Nitrogen 
(Kjeldahl) 

Ratio  of 

Albuminoid 

Nitrogen  to 

Kjeldahl 

Nitrogen 

Oxygen 
Cons. 

Bacteria 
per  c.c. 

Start        

4.70 
4.60 
S-oo 
5.30 
S-SO 

5-20 
S-20 

S-30 
S.20 
4.80 
4.70 
S-30 

S.20 

0.44 
0.42 
0.41 
0-45 
0. 50 
0.43 
0.45 
0-43 
0.41 
0.42 
0.40 
0.44 
0.42 
0.41 

0.82 
0.81 
0.73 
0.74 
0.94 
0.81 
0.81 

0.81 
0.8s 
0-7S 
0.78 
0.68 
0.84 

43-S 

42.  S 

46.0        , 

50.0 

43-6 

43-6 

45-6 

41.5 
41 .0 
45-9 
463 
SO-6 
40.0 

5.4'! 

39,000 

S 
4 
S 
4 
3 
4 
4 
4 
4 
4 
4 
4 
4 

20 
45 
35 
45 
55 
60 
SO 
60 
00 
30 
55 
20 
40 

200 

26 

17 

11 

20 

7  "  ■•' 

25 
28 

IS 

6 

20 

28  " 

21 

,(,  "  

ss 

28 

TABLE    s- 
Sewage  Treated  with  Chloroform  Standing  at  30°  C. 


Elapsed  Time 


Free 
Ammonia 


Albuminoid 
Ammonia 


Organic 
Nitrogen 
(Kjeldahl) 


Ratio  of 

Albuminoid 

Nitrogen  to 

Kjeldahl 

Nitrogen 


Oxygen 
Cons. 


Bacteria 
per  c.c. 


Start. . . 

1  day. 

2  days, 

3  "    • 

4  "    ■ 

5  "    ■ 
7     " 

10  "  . 
IS  " 
17  "  , 
22  "  , 
28  "  , 
36  " 
42     " 


5.10 
5.50 
5-IO 
4.70 
5-40 
6.20 
5.20 
5.20 


S.20 
5 .20 


0.44 
0.45 
0.39 
0.42 
0.48 


0.48 


0.82 
0.82 
0.79 
0.72 
0.84 
0.82 
0.75 
0.88 
0.77 
0.83 
0.89 
0.74 
0.84 
0.78 


39,000 
300 
26 
24 
23 
30 
23 
40 


16 
17 
26 
31 


which  effluents  from  a  sand  filter,  a  trickhng  filter,  a  contact  filter, 
and  septic  tank  were  treated  with  an  excess  of  chloroform,  to  deter- 
mine whether  the  destruction  of  the  bacteria  by  the  antiseptic 
would  prevent  chemical  decomposition,  as  had  been  noted  in  the 
raw  sewages.  The  same  fluctuations  occurred  in  these  samples  as 
were  previously  noted  with  sewage  samples.  The  variations,  how- 
ever, were  greater  than  in  the  sewages  above,  because  while  the 
former  contained  little  suspended  matter,  there  was  a  considerable 
amount  in  the  latter,  making  it  more  difficult  to  obtain  a  true  sample. 
The  results  are  shown  in  the  following  table : 
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TABLE   6. 
Table  Showing  Preservatrhe  Action  of  Chloroform  on  Septic  Sewage,  and  the  Effluents 
FROM  Sand,  Contact,  and  Trickling  Filters. 


Elapsed 
Time 


Ammonia 


Alb. 


Organic 

Nitrogen 

(KjEL- 

dahl) 


Ratio  of 
Albuminoid 
Nitrogen  to 

Kjeldahl 

Nitrogen 


Oxygen 
Cons. 


Nitrogen  as 


Nitrates  ,    Nitrites 


Bacterla 

PER   C.C. 


EFFLUENT    SAND    FILTER. 


Start... 
4  days 
8  "  . 

IS  " 

22   "  , 
32   " 


o.psoo 
0.97SO 
0.8750 
o . 8400 
0.7600 


.  1460 
•  1340 
.  1400 
.  1460 
.1740 


0.2936 

40.8 

0.2558 

42.9 

0.2378 

4S-3 

0 . 2608 

4.S.9 

0. 2698 

52.3 

0,42 
0.96 
1 .01 

1 .05 


o. 2000 
o . 0000 
o . 0000 
0.0600 
o . 0000 
o . 0000 


72,000 

108,000 

200 

600 

08 


EFFLUENT 

SAND 

FILTER 

Start 

3  days 

0.0426 
0.0378 

0 
0 

0220 

0.37 
0.39 
0.30 
0.39 

2.94 
3-11 
2.69 
3.II 

0.0032 
0.0028 
0.0030 
0.0028 

1,900 
14 

17    "    

0208 

450 

EFFLUENT   TRICKLING    FILTER. 


Start... 
4  days 
8  "  , 

IS  " 

22  "  , 

32  " 


o. 1760 
o . 0880 

0.0880 

O. II20 
O. II20 


O.1S80 

o . 2040 

O . 2  1 60 
O . 2  1 60 

o. 2200 


0.3378 
0.4478 
0.3649 
0.4264 
0.3813 


45-6 

1-33 

37-4 

1.14 

48.4 

1.28 

41.6 

1. 61 

47-3 

1.36 

0.91 
1 .09 


0.88 


0.0130 
o . 0050 
o . 0006 
0.0050 
0.0020 
0.0014 


80,000 

76,000 

1,000 

1,170 

720 


EFFLUENT   TRICKLING    FILTER. 


Start. . . 
3  days. 
10  "  . 
17    "    . 


o. 1040 

O. II20 

o. 1320 

0.1340 


o. 1020 
o . 0960 
o. 1220 
o. 1320 


.1779 
.1878 

.  I9II 

.2075 


47 -o 
49.8 
S2.4 

52. I 


1. 18 
1..S8 
1.36 
1.32 


1.60 
1-43 
I.5S 
1.48 


o . 0040 
0.0020 
0.0032 
0.0032 


17.500 

30,000 

640 

800 


EFFLUENT   CONTACT   FILTER. 


Start... 
4  days 
8  "  , 

IS  " 

22  "  - 

32  " 


.6800 
.6600 

.5400 
.6400 
.6400 


.  1260 
.1500 
.  1720 
.  1640 
.  1720 


.  2706 
.2919 
.2583 
■3050 


41 

3 

45 

5 

48 

3 

52 

0 

46 

2 

0.74 
0.82 
0.8s 
0.87 
0.84 


1.07. 

1.03 

0.89 

0.72 

0.84 
0.9s 


o. 1900 
o . I 500 
o . 0400 
o . 0800 
0.0400 
o . 0400 


650,000 
165,000 

26 


EFFLUENT    SEPTIC   TANK. 


Start. . . 
4  days, 
8     "    . 

IS     "    ■ 


2.20 
2. 10 
1 .90 


0.  42 

4S.O 

0.34 

45. 9 

0.31 

44.3 

0.30 

55-2 

0.30 

47.0 

1.30 

I.  12 
1.30 


80,000 

120,000 

85 

119 
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In  the  foregoing  the  most  marked  percentage  change  noted  was  in 
the  nitrites.  In  order  to  study  these  nitrite  changes,  further  experi- 
ments were  made  in  which  mixtures  of  sewage  and  water  containing 
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sodium  nitrite  were  treated  with  chloroform.  In  these  experiments 
the  nitrites  in  the  samples  treated  with  chloroform  were  unchanged, 
which  would  seem  to  show  that  the  changes  occurring  in  the  nitrites 
in  the  effluents  noted  above  were  due  to  chemical,  rather  than  bac- 
terial, action,  a  view  recently  advanced  by  Phelps'  as  the  result  of 
his  studies  of  the  action  of  contact  filters.  The  results  of  one  of 
these  experiments  are  shown  in  the  following  table : 


TABLE    7. 
Nitrites. 


Control 

Chloroform 

Elapsed  Time 

Parts  per 
100,000 

Bacteria 
per  c.c. 

Parts  per 
100,000 

Bacteria 
per  c.c. 

Start 

000000 

008000 
606666 

30,000 
86,400 
4,430,000 
5,260,000 
2,710,000 
5,250,000 

000000 
d  d  d  d  d  d 

000000 

30,000 
18 

27 
SO 
19 

16     "    

It  has  been  frequently  stated  in  the  preceding  that  the  fluctuations 
in  the  analytical  results  were  within  the  errors  of  sampling  and 
analysis.  In  order  to  ascertain  what  these  errors  would  be  in  actual 
practice,  10  complete  analyses  were  made  of  a  sample  of  Lawrence 
sewage,  and  10  determinations  of  nitrates  and  nitrites  were  made  on 
the  effluent  from  a  trickling  filter  which  contained  a  considerable 
amount  of  suspended  matter.  In  making  these  analyses  the  routine 
procedure  was  followed,  the  work  being  divided  between  two  analysts. 
The  possible  errors  are  from  two  sources;  those  due  to  sampling,  i.  e., 
the  error  in  measuring  out  the  volume  for  each  determination  and  in 
obtaining  an  aliquot  portion  of  the  suspended  matter  in  the  sample, 
and  those  existing  in  the  analytical  methods.  The  sampling  errors 
are  variable  for  the  different  determinations,  since  it  is  necessary  to 
take  different  volumes  of  the  sewage.  In  the  determination  of  free 
and  unfiltered  albuminoid  ammonia  in  this  experiment  5  c.c.  of  the 
sewage  were  used,  and,  owing  to  the  large  amount  of  suspended 
matter,  it  was  necessary  to  measure  that  volume  in  cylinders,  which 
are  less  accurate  than  flasks  or  pipettes.     In  determining  the  filtered 

■  "Contril)Ulions  from  the  Sanitary  Research  Laboratory  and  ScwaKe  Experiment  Station  of  the 
Ma-ssachusctts  Institute  of  Technology,"  Jour.  Inlecl.  Dis.    1905,  Supplm.  Xo.  i,  p.  6r. 
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albuminoid  ammonia  10  c.c.  of  the  sewage  were  used,  the  measure- 
ments being  made  also  in  cyhnders. 

The  volumes  of  sewage  for  the  determination  of  organic  nitrogen 
by  the  Kjeldahl  method  were  measured  in  flasks,  20  c.c.  of  the 
unfiltered  and  25  c.c.  of  the  filtered  sewage  being  taken.  Samples 
of  the  sewage  for  oxygen  consumed  were  measured  in  25  c.c.  flasks, 
and  for  chlorine  in  50  c.c.  flasks.  In  the  determination  of  nitrates 
100  c.c.  were  measured  in  a  flask,  boiled  down  to  25  c.c,  made  up  to 
50  c.c.  in  a  Nessler  tube,  and  2  c.c.  of  this,  measured  in  a  pipette, 
diluted  to  50  c.c.  in  a  Nessler  tube  for  reading.  The  nitrite  deter- 
minations were  made  on  10  c.c,  measured  in  a  pipette  and  diluted 
to  50  c.c.  in  a  Nessler  tube. 

The  error  in  the  free  ammonia  as  determined  by  the  average 
deviation  from  the  mean  of  the  10  determinations  was  5  per  cent. 
The  mean  error  in  the  albuminoid  ammonia  determinations  was 
8  per  cent  and  8.5  per  cent,  respectively,  for  unfiltered  and  filtered 
samples.  For  organic  nitrogen  determined  by  the  Kjeldahl  process, 
the  average  deviation  from  the  mean  was  2.5  per  cent  for  unfiltered 
samples  and  t,.t,  per  cent  for  filtered  samples.  The  error  of  the 
chlorine  determinations  was  practically  negligible,  while  that  of  the 
oxygen  consumed  process  was  2.1  per  cent.  There  was  no  error  in 
the  nitrite  determinations,  all  of  the  10  results  being  identical.     The 

TABLE   8. 
The  Variation  in  Results  of  io  Separate  Chemical  Analyses. 


Free 
Ammonia 


Sewage 


Trickling 
Fn.TKR  Efflient 


Albuminoid 
Ammonia 


Unfil- 
tered 


Filtered 


Organic  Nitro- 
gen (Kjeldahl) 


Unfil- 
tered 


Filtered 


Chlo- 
rine 


Oxygen 
Con- 
sumed 


Nitrogen  as. 


Nitrates    Nitrites 


3 

4 

S 

6 

7 

8 

9 

10 

Average. . 
Maximum 
Minimum 


6. 20 
6. 70 
7.00 
6.80 
7.10 
7.20 
6.80 
5.70 
7.00 
6.30 
6.68 
7.20 
5-70 


86 

0 

q8 

0 

98 

0 

04 

0 

12 

0 

14 

0 

12 

0 

06 

0 

92 

0 

02 

0 

01 

0 

14 

0 

86 

0 

2.02 
2.01 
I  93 
1.94 
2.07 
1 .02 
1.82 
2.02 
1-97 
2.07 
1.82 


11.80 
11.90 
11.89 
ir.91 
11. 80 
II. 8s 
11.80 
11.80 
11.80 
11.80 
11.84 
11 .91 
11.80 


4.88 
4  02 
4.76 
4.68 
4.60 


115 
1.19 
1.09 
1.09 
I.  II 
1.07 
1.09 
1.09 
1.07 
1. 10 
1.19 
1 .00 


0.0080 
o.ooSo 
0.0080 
o . 0080 
0.0080 
0.0080 
0.0080 
0.0080 
0.0080 
O.ooSo 
0.0080 
0.0080 
0.0080 
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average  deviation  of  the  nitrate  results  from  the  mean  of  the  ic 
readings  was  3.6  per  cent.  The  results  of  the  10  complete  analyses 
of  the  sewage  and  10  determinations  for  nitrates  and  nitrites  on  the 
trickling  filter  effluent  are  shown  in  Table  8. 

CONCLUSIONS. 

It  is  well  known  that  considerable  changes  may  take  place  in  the 
composition  of  sewage  and  the  effluents  from  sewage  filters  during 
short  periods,  and  that  the  elapsing  of  a  few  hours  between  the  time 
of  collection  and  analysis  may  seriously  affect  the  results  of  the 
analyses.  Furthermore,  samples  collected  at  occasional  interv'als 
from  sewers  or  from  the  effluents  of  sewage  disposal  works  do  not 
represent  the  actual  average  composition  of  waters  from  these  sources. 
To  be  of  the  greatest  value,  samples  should  be  collected  at  frequent 
interv'als,  preserved  in  some  manner  to  prevent  chemical  changes, 
and  then  mixed  in  aliquot  portions  to  form  an  average  sample  for 
analysis.  Experiments  at  the  Lawrence  Station  have  shown  that 
chloroform  is  a  good  preservative  to  use  under  these  circumstances. 
From  ID  to  25  c.c.  of  chloroform  may  be  added  to  a  gallon  bottle, 
and  small  samples  of  from  100  to  200  c.c,  collected  daily,  may  be 
placed  in  the  bottle,  which  is  tightly  stoppered;  the  average  sample 
so  obtained  may  be  analyzed  after  any  stated  period  without  fear  of 
material  change  in  the  individual  samples  of  which  it  is  composed. 
The  principle  errors  which  may  result  from  such  treatment  are  a 
small  change  in  the  nitrites,  and  the  difficulty  arising  from  the  settling 
out  of  suspended  matter.  The  nitrite  difficulty  may  be  obviated  by 
taking  occasional  samples  and  doing  nitrite  determinations  only. 
Any  objection  as  to  precipitation  while  the  average  sample  is  being 
collected  affecting  the  determination  of  soluble  and  suspended  organic 
matter  may  be  overcome  by  filtering  and  preserving  a  separate  portion 
of  the  daily  sample.  If  such  methods  be  carricd^out  in  practice,  it  is 
beheved  that  they  will  result  in  a  more  accurate  knowledge  of  the 
composition  of  applied  sewages  and  the  effluents  from  sewage  dis- 
posal works,  and  will  yield  more  accurate  information  as  to  the  puri- 
fication accomplished  by  the  different  methods  of  sewage  disposal. 


A  READY  METHOD   OF  PREPARING  A  SILICA 
TURBIDITY   STANDARD. 

Ernest  C.  Levy, 
Director  of  Laboratory  of  City  Water  Department,  Richmond,  Va. 

Although  the  candle  or  electric  light  turbidimeter  has  largely 
replaced  comparison  with  silica  standards  as  a  laboratory  method  of 
determining  the  turbidity  of  water,  these  instruments,  equipped  with 
the  usual  short  tube,  are  of  use  only  where  the  turbidity  is  above  loo, 
while  the  platinum  wire  method  is  applicable  only  in  field  work. 
Even  there  its  use  is  limited  to  waters  of  neither  very  high  nor  very 
low  turbidity,  besides  which  there  is  not  infrequently  great  difficulty 
in  securing  the  necessary  conditions  of  light.  Direct  comparison 
with  silica  standards  is,  therefore,  the  method  which  must  be  resorted 
to  in  most  cases  where  the  turbidity  is  below  loo. 

Of  all  standards  used  by  the  water  analyst,  the  silica  turbidity 
standard  is  the  most  difficult  to  prepare.  Even  after  the  very  tedious 
preparation  of  the  diatomaceous  silica  itself,  the  powder  so  obtained 
is  not  always  of  the  required  degree  of  fineness,  thus  necessitating 
standardization  by  the  platinum  wire  method  or  by  use  of  the  candle 
turbidimeter,  instead  of  simply  adding  a  gram  per  liter  as  originally 
recommended,  to  secure  a  standard  of  i,ooo  parts  turbidity  per 
million. 

The  above  considerations  led  the  writer,  about  a  year  ago,  to 
examine  a  number  of  commercial  products  with  the  view  of  obtaining 
a  satisfactory  substitute  for  the  diatomaceous  silica,  so  difficult  of 
preparation.  Various  polishing  powders,  advertised  by  the  manu- 
facturers as  being  made  from  diatomaceous  earth,  were  first  tried, 
but  none  of  these  possessed  the  requisite  degree  of  fineness  or  uni- 
formity. Finally  a  test  was  made  of  a  toilet  preparation  sold  under 
the  name  of  "Pears'  Precipitated  Fuller's  Earth,"  and  this  has 
appeared  to  meet  all  the  practical  requirements. 

This  powder  is  almost  pure  white  in  appearance,  and  standards 
prepared  from  it  are  indistinguishable  from  those  made  from  dia- 
tomaceous silica  secured  by  the  method  recommended  originally  by 
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Whipple  and  Jackson  and  incorporated  in  the  "Report  of  the  Com- 
mittee on  Standard  Methods  of  Water  Analysis,"  of  this  Association.^ 
It  has  even  seemed  to  the  writer  that  the  tendency  to  striation,  notice- 
able chiefly  in  the  higher  standards,  is  less  marked. 

A  rough  analysis  of  the  "precipitated  fuller's  earth"  showed  it  to 
be  largely  a  silicate  of  aluminum,  rather  than  a  true  silica,  and  the 
term  "precipitated"  is  probably  not  used  in  its  chemical  sense.  The 
theoretical  objection  of  its  not  being  a  strict  silica  does  not  seem  to 
the  writer  to  be  a  serious  objection,  since  the  powder  shows  no  tend- 
ency to  lump  on  standing,  and  standards  made  five  months  ago  still 
maintain  their  original  turbidity  unaltered, 

A  request  to  the  manufacturers,  asking  certain  particulars  con- 
cerning this  preparation,  especially  as  to  whether  the  method  of 
manufacture  was  such  that  uniformity  of  the  product  could  be 
assured,  brought  no  response,  but  several  lots  bought  at  different 
times  were  all  perfectly  uniform.  As  each  package  contains  about 
200  grams,  gross,  it  is  a  simple  matter  to  standardize  each  lot  when 
purchased,  and  thereafter  standards  can  be  made  quickly  at  any 
time.  The  writer  has  found,  however,  that  a  suspension  of  one 
gram  per  liter  gives  a  standard  of  1,000  in  all  of  the  samples  tested; 
and  it  would  therefore  seem  probable  that  this  would  regularly  be 
the  case,  though,  naturally,  it  would  be  advisable  not  to  assume  this 
to  be  so  without  actual  testing  of  each  new  lot. 

'Jour.  Inject.  Dis.,  1905,  Supplm.  No.  i,  p.  i. 


THE  SOLUBILITY  OF  CALCIUM  CARBONATE  AND  OF 
MAGNESIUM  HYDROXIDE  AND  THE  PRECIPITA- 
TION OF  THESE  SALTS  WITH  LIME  WATER. 

George  C.Whipple  and  Andrew  Mayer,  Jr. 

The  problem  of  water  softening  is  attaining  such  great  importance 
that  it  seems  advisable  at  this  time  to  re-examine  carefully  the  prin- 
ciples and  chemical  data  involved,  in  order  to  render  them  as  correct 
and  trustworthy  as  possible.  Prominent  among  the  questions  to  be 
settled  are  the  solubilities  of  normal  calcium  carbonate  and  of  mag- 
nesium hydroxide. 

SOLUBILITY   OF  NORMAL   CALCIUM  CARBONATE. 

The  values  given  for  the  solubility  of  calcium  carbonate  by  the 
different  authorities  quoted  in  Comey's  Dictionary  of  Chemical 
Solubilities^  vary  from  lo  to  113  parts  per  million.  About  one-half 
of  these  authorities  give  values  of  more  than  50  parts  per  milHon, 
but  the  high  figures  represent  chiefly  the  results  of  early  experiments, 
and  are  evidently  erroneous.  The  figures  which  appear  to  be  most  rea- 
sonable may  be  divided  into  two  groups,  one  placing  the  solubility 
between  20  and  36  parts  per  miUion,  the  other,  between  10  and  16 
parts  per  million. 

TABLE   I. 

GROUP   I. 


Authority 

Date 

Temperature 
°  C. 

Solubility  in 

Parts  per 

Million 

Chevalet' 

1869 
1865 

1865 

34 
34 
20 
36 

Hoffman^ 

Peligot* 

Weltziens 

GROUP   II. 

Bineau' 

1857 
1S72 
1893 
1893 
1893 

i6.o 
8.7 
23-8 
18.0 

16.0 
13-1 

12. S 
130 

Kohlrausch  and  Rose' 

Various  methods  were  employed  by  the  different  investigators  to 
secure  these  results,  as  indicated  in  the  subjoined  notes.     Those  who 
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obtained  values  greater  than  30  parts  per  million  did  not  mention 
having  taken  any  precaution  against  two  of  the  greatest  sources  of 
error  involved,  namely,  the  influence  of  the  CO^  of  the  air,  and  the 
action  of  the  solution  of  CaC03  upon  the  glass  vessels.  It  seems 
significant  that  the  figures  of  Bineau,  who  apparently  first  made 
allowance  for  these  sources  of  error,  and  those  of  the  modern  experi- 
menters, who  followed  his  example,  are  all  well  under  20.  The  value 
most  commonly  accepted  for  the  solubility  of  the  normal  calcium 
carbonate  is  30  parts  per  million,  although  Kimberly,  in  a  recent 
paper, '°  used  20  parts  per  million  as  the  best  value. 

Several  preliminary'  experiments  to  determine  the  solubility  of 
normal  calcium  carbonate  were  conducted  by  one  of  us,  in  1903. 
The  pure  salt  was  boiled  with  distilled  water,  free  from  CO2,  in 
flasks  of  Bohemian  glass,  and  after  standing  for  some  days,  pro- 
tected from  the  CO2  of  the  air,  the  resulting  solution  was  filtered  and 
titrated  with  N/50  acid.  The  results  so  obtained  were  30.5  parts 
per  million  by  one  set  of  experiments,  and  25  parts  per  million  by 
another.  During  the  following  year  these  experiments  were  repeated, 
giving  in  one  case  23  parts  per  million  and  in  another  13.5  parts  per 
million.  The  last  value  was  obtained  when  a  flask  of  Jena  glass  was 
substituted  for  the  Bohemian  glass  flasks. 

In  order  to  determine  the  reason  for  these  discrepancies  and  to 
obtain  correct  and  concordant  results,  the  following  experiments 
were  performed: 

Two  liter  flasks  of  Jena  glass  were  each  fitted  with  a  one-hole  rubber  stopper, 
through  which  projected  a  short  piece  of  glass  tubing,  drawn  to  capillary  dimensions 
at  its  upper  end.  Into  each  flask  was  put  about  qoo  c.c.  of  distilled  water,  absolutely 
neutral  in  reaction  to  methyl  orange,  and  lacmoid.  The  contents  of  the  flasks  were 
boiled  for  two  hours,  in  order  to  drive  off  the  last  trace  of  CO2  gas,  and  at  the  end  of 
this  time  the  stoppers  were  removed,  and  replaced,  as  quickly  as  possible,  before  any 
air  could  enter,  by  one-hole  stoppers  each  bearing  a  U  tube  filled  with  beads,  well 
moistened  with  fresh  concentrated  NaOH  solution,  the  bend  of  the  tube  forming  an 
effective  seal.  Flask  i  was  cooled  to  37°  C.  by  allowing  it  to  stand  over  night  in  an 
incubator  adjusted  to  maintain  that  temperature,  while  Flask  2  was  cooled  to  room 
temperature  (21°  C).  There  was  then  (juickly  introduced  into  each  flask  5  g.  CaC03, 
prepared  by  thoroughly  washing  the  best  procurable  chemically  pure  product  with 
hot  distilled  water,  and  drying  to  cf)nstant  weight  at  ioo°-iio°  C.  After  stoj)pcring 
with  .solid  rubber  stoppers,  the  flasks  were  kept,  respectively,  at  the  temperatures 
mentioned,  and  were  frequently  well  shaken  throughout  the  experiment,  in  order  to 
render  solution  complete.     At  intervals  of  24  hours  portions  were  withdrawn,  quickly 
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filtered  through  paper,  and  100  c.c.  of  the  filtrate  titrated  with  N/50  H2SO4,  using 
phenolphthalein  and  methyl  orange  as  indicators.  The  results  are  shown  in  the 
following  table: 


24  hours. 
53  "  • 
77      "     • 


28  hours. 
S3  "  . 
76      "     . 


Time 


TABLE   2. 
Flask  i. 


Temperature 
°C. 


Phenol- 
phthalein 


With  Methyl 
Orange 


iS-o 
ISO 
14.5 


Flask  2. 


6.3 
6.0 
6-5 


The  N/50  H2SO4  used  in  all  this  work  was  prepared  from  normal  sulphuric  acid, 
which  was  checked  by  titration  against  pure  sodium  carbonate,  and  by  the  gravimetric 
determination  as  barium  sulphate.  The  dilution  was  done  by  means  of  a  pipette  and 
%sk,  which  were  calibrated  against  each  other. 

Another  experiment,  carried  out  in  practically  the  same  manner 
as  those  above  described,  at  20°  C,  gave  13  parts  per  million. 

A  value  of  13  was  also  obtained  by  an  experiment  in  which  pure 
water,  free  from  CO2,  was  boiled,  with  an  excess  of  chemically  pure 
CaC03,  for  three  hours  in  a  flask  of  Jena  glass,  and  allowed  to  stand 
with  frequent  agitation,  protected  from  the  CO2  of  the  air  as  above 
described,  for  a  period  of  four  days. 

The  alkalinity  of  the  solution  of  CaC03,  using  phenolphthalein  as 
indicator,  should  be  equal  to  one-half  of  the  value  obtained  by  using 
methyl  orange  as  indicator.  It  was  found,  however,  when  the  solu- 
tion was  filtered  in  the  air,  that  enough  CO2  was  dissolved  to  reduce 
the  phenolphthalein  figure.  In  order  to  overcome  this  difiiiculty,  an 
apparatus  was  made  to  filter  solutions  out  of  contact  with  CO 3. 
(See  diagram.)  This  apparatus,  although  accomplishing  its  object, 
consumed  considerable  time,  as  it  was  necessary,  before  attempting 
filtration,  to  remove  from  the  apparatus  every  trace  of  CO^  gas  by 
aspiration.  The  method  finally  adopted  for  securing  the  CaCOj 
solution  free  from  suspended  particles,  as  well  as  CO 2,  consisted  in 
allowing  all  the  CaC03  to  settle,  after  which  100  c.c.  of  the  clear 
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supernatant  solution  could  be  drawn  off  with  a  pipette  attached  to  a 
filter  pump  by  a  rubber  tube.  In  every  case  in  which  this  was  done, 
all  error  due  to  the  presence  of  CO2  in  the  air  was  avoided,  and  the 
phenolphthalein  value  was  equal  to  just  one-half  the  methyl  orange 
value,  as  it  should  be.     (See  Table  2.) 

In  order  to  throw  some  light  upon  the  high  figures  obtained  in  the 
preliminary  work  mentioned,  experiments  were  conducted  with 
flasks  of  Jena  and  Bohemian  glass,  in  exactly  the  same  manner  as 
those  last  described,  but  omitting  the  addition  of  CaCOg.  The 
results  of  these  blank  tests  are  given  in  the  following  table : 

table  3. 


TniE  OF 
Standing 

Alkalinity  (Parts  per  Million) 

Time  of 
Boiling 

Flask  I 

Flask  2 

Flask  3 

Flask  4 

P.* 

M.t 

P. 

M. 

P. 

M. 

P. 

M. 

1  hour 

2  hours 

\ :  ''■'■'■'■■ 

4f           

0  days 

4  " 
3    " 
0 

0    " 

5  " 

0 
0 
0 

1 .0 

2-5 

0.7s 

i-S 

o-S 

4.0 
S-S 
7.0 

2.0 

9-5 

10. 0 

10. s 

12. 5 

♦Phenolphthalein.  fMethyl  orange. 

I  and  2  Jena  glass  flasks.     3  and  4  Bohemian  glass  flasks. 

As  the  presence  of  small  amounts  of  alkali  in  solution  accelerates 
the  action  of  water  upon  glass,  and  as  the  flasks  used  in  the  prelimi- 
nary experiments  were,  with  one  exception,  made  of  Bohemian  glass, 
it  can  be  readily  seen  why  the  figures  first  obtained  were  so  high  and 
variable.  If,  however,  we  subtract  the  average  figure  obtained  in  the 
blank  experiments  on  Bohemian  flasks,  namely,  11.25,  from  the  values 
obtained  in  the  preliminary  experiments,  in  which  that  kind  of  glass 
was  used,  we  obtain  values  of  12  to  19  parts  per  milhon. 

A  better  figure,  however,  is  arrived  at  by  subtracting  from  the 
results  obtained  in  Jena  flasks  the  corresponding  blank,  namely,  1.5, 
which  gives  us,  in  round  numbers,  12  parts  per  million  at  22°  C,  and 
14  parts  per  million  at  37.5°  C. 

The  figures  for  the  solubility  of  normal  calcium  carbonate,  i.  e., 
from  12  to  14  parts  per  million,  were  corroborated  by  other  experiments 
described  later,  in  which  calcium  bicarbonate  solution  was  treated 
with  lime  water.     The  solubility  of  CaCOa  in  water  is  influenced  by 
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the  presence  of  other  substances.  Salts  of  ammonia,  for  example,  tend 
to  render  it  more  soluble,  while  other  substances  decrease  the  solu- 
bility. We  found,  for  instance,  that  in  water  containing  500  parts 
per  million  of  pure  CaS04,  the  solubility  of  CaC03  was  4.5  parts 
per  million  at  room  temperature,  while  in  water  containing  1,000 
parts  per  million  CaSO^,  the  solubility  of  CaCOj  was  4.0  parts  per 
million.  The  effect  of  the  presence  of  various  salts  on  the  solubility 
of  CaCOj,  on  account  of  its  importance,  has  been  left  for  subse- 
quent discussion  in  detail. 

SOLUBILITY   OF   MAGNESIUM  HYDROXIDE. 

When  magnesium  carbonate  is  precipitated  from  aqueous  solution 
with  alkaline  salts,  the  product  is  invariably  basic,  that  is  to  say,  the 
carbonate  contains  a  certain  amount  of  hydroxide.  The  exact  com- 
position of  this  precipitate  varies  according  to  conditions,  temperature 
being  a  very  important  factor.  The  solubilities  of  normal  mag- 
nesium carbonate  or  basic  magnesium  carbonate,  therefore,  cannot  be 
definitely  fixed.  It  is  certain,  however,  that  all  modifications  of 
basic  magnesium  carbonate  are  much  more  soluble  than  magnesium 
hydroxide,  and  in  water  softening,  sufficient  lime  water  is  added  to 
precipitate  all  the  magnesium  in  the  latter  form,  i.  e.,  as  MgOjHj. 

The  values  for  the  solubility  of  MgOjH^  as  given  by  most  of  the 
early  experimenters,  quoted  by  Comey,'  are  so  high  as  to  be  obviously 
worthless.  The  most  probable  figures,  as  shown  by  Table  4,  vary 
from  9  to  20  parts  per  million: 

TAHLE   4. 


Authority 


Date 


Temperaturk 


Solubility  of  MgOjHt 


Parts  per  Million 


Equivalent 

Alkalinity, 

i.  e.,  as  CaCOj 


Fresenius" 

Bineau" 

Koh'rausch  and  Rose» 


1847 


i8ss 
1893 


"Ordinary"  and 

100°  C. 

"Ordinary" 

18"  C. 


10-20 
9 


17-34 
16 


In  determining  the  solubility  of  this  salt,  the  same  method  was 
employed  as  for  CslCO^.  The  best  grade  of  MgO,  freshly  ignited  in 
order  to  decompose  any  carbonate  present,  was  used. 

The  results  are  shown  in  the  following  table: 
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Temperature 

Alkalinity  tn 
Terms  of  CaCOj 

Magnesium  Hydroxide 
(Parts  per  Million) 

Time  in  Hours 

Obser\C'd 

Corrected  for 
Blank 

22°  C. 

23 
23 

13 
13 

12 

12 

Both  experiments  were  conducted  in  flasks  of  Jena  glass. 

This  method  for  MgO^H^  presents  considerable  difhculty.  Mag- 
nesium hydroxide  is  a  colloidal  precipitate,  which  requires  a  long  time 
to  settle,  and  tends  to  pass  through  filter  paper.  Therefore  the 
results  may  be  somewhat  in  excess  of  the  true  value. 

PRECIPITATION    OF    LIME    AND   MAGNESIA   WITH   LIME    WATER. 

Although  CaC03  and  MgC03  are  with  difficulty  soluble  in  pure 
water,  they  dissolve  readily  in  water  containing  CO2  to  the  extent  of 
about  I  g.  per  Hter  for  CaCOj,  and  20  g.  per  liter  for  MgC03,  at 
ordinary  temperature  and  pressure.  The  state  in  which  these  salts 
exist  in  solution  is  not  definitely  established,  but  they  may  be  repre- 
sented respectively  by  the  formulas  CaC03,  CO^,  HjO,  and  MgC03, 
C02,  H2O.  They  are  precipitated  from  solution  by  lime  water 
according  to  the  following  equations : 

CaC03,  CO2,  H20-FCa02H2=2CaC03-h2H20     and 
MgC03,  CO2,  H204-2Ca03H2=Mg02H2  +  2CaC03-H2H20. 

In  order  to  corroborate  the  evidence  already  obtained  as  to  the 
solubility  of  CaC03  and  MgOgH^,  and  also  to  throw  some  light  upon 
the  course  of  the  reactions  which  take  place  when  bicarbonates  of  hme 
and  magnesia  are  precipitated  with  lime  water,  the  following  experi- 
ments were  undertaken. 

The  solutions  used  were  prepared  as  follows: 

Pure  CaC03  was  suspended  in  distilled  water,  and  CO2  gas  passed  in  for  some 
time.  After  the  undissolved  CaC03  had  settled,  the  supernatant  fluid  was  poured 
into  a  large  evaporating  dish,  and  allowed  to  stand  over  night,  thus  allowing  the  excess 
of  free  CO2  to  Escape.  The  Uquid  was  then  filtered,  giving  a  fairly  strong  solution  of 
pure  calcium  bicarbonate,  which  could  be  diluted  to  any  strength  desired.  Mag- 
nesium bicarbonate  was  prepared  in  a  similar  manner  from  the  i)urest  obtainable 
carbonate  of  magnesium. 
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Lime  water  was  made  in  the  usual  manner,  by  shaking  distilled  water  with  an 
excess  of  freshly  slaked  lime  and  filtering  the  resulting  solution.  For  some  experi- 
ments a  chemically  pure  lime  was  used,  but  the  solution  obtained  from  this  differed 
in  no  appreciable  respect,  for  this  purpose,  from  that  obtained  with  good  commercial 
lime.  The  strength  of  these  solutions  was  determined  by  titration  mth  N/50  H2SO4, 
using  phenolphthalein  as  indicator  in  the  case  of  lime  water,  and  methyl  orange  in 
the  case  of  the  bicarbonates.  The  precipitation  experiments  were  performed  as 
follows:  The  desired  amount  of  bicarbonate  solution  was  measured  with  as  much 
accuracy  as  possible  into  a  bottle  of  flint  glass  with  a  rubber  stopper,  and  brought  to 
the  desired  temperature.  The  volumes  used  varied  from  1.8  to  3.5  liters,  in  bottles  of 
2  and  4  Kters  capacity,  respectively.  100  c.c.  was  then  quickly  withdrawn,  and  the 
amount  of  free  CO2  determined  by  titration  with  carefully  prepared  N/22,  NajCOs 
solution,  using  phenolphthalein  as  indicator.  Then,  the  alkaUnity  and  volume  of  the 
bicarbonate  solution,  the  amount  of  free  CO2  gas,  and  the  strength  of  the  lime  water 
being  known,  a  simple  calculation  sufficed  to  determine  the  exact  amount  of  lime 
water  necessary  to  cause  the  desired  reaction.  After  the  addition  of  lime  water  the 
contents  of  the  bottle  were  thoroughly  mixed  by  shaking,  and  maintained  at  the  desired 
temperature  as  long  as  necessary.  The  amount  of  calcium  carbonate  in  solution 
was  determined,  when  desired,  by  withdrawing  a  portion  of  the  solution,  filtering 
quikly  through  paper,  and  titrating  with  N/50  H2SO4  as  usual. 

PRECIPITATION   OF   CALCIUM   CARBONATE. 

In  the  experiments  where  calcium  bicarbonate  alone  was  used, 
the  precipitate  which  first  formed  upon  adding  lime  water  was  col- 
loidal in  character,  but  gradually  changed,  becoming  crystalHne  in 
about  20  minutes.  This  change  took  place  more  quickly  at  higher 
temperatures  than  at  low  temperatures.  At  38°  C.  it  required  only 
about  10  minutes,  while  at  9°  C.  it  required  nearly  30  minutes. 

Three  preliminary  experiments  with  calcium  bicarbonate,  which 
were  conducted  at  room  temperature  as  described  above,  gave  the 
results  shown  in  Table  6.  Just  enough  lime  water  was  added  to 
neutrahze  all  the  free  CO2  and  precipitate  all  the  calcium  as  carbonate. 

T.ABLE   6. 


Experiment 
Number 

Time  of  Standing 
in  Hours 

Temperature 

Parts  per  Million 
CaCOj 

I 

I 

3-S 

6 

22°  C. 

22 

22 

II 

Ill   

2b 

It  will  be  noticed  that  the  amount  of  CaCOj  remaining  in  solution 
was  inversely  proportional  to  the  time  of  standing,  and  it  is  evident, 
therefore,  that  the  time  element  is  of  much  importance  in  this  reaction. 
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In  order  to  investigate  this  question  more  thoroughly,  another 
experiment,  like  those  just  described,  was  carried  on  at  room  tem- 
perature. Portions  of  the  solution  were  withdrawn  for  analysis  at 
intervals,  until  the  amount  of  CaCOj  remaining  in  solution  had 
reached  a  minimum. 

The  results  obtained  are  shown  in  Table  7. 

TABLE   7. 


Time  in  Hours 

Temperature 

CaCOj  (Parts 
per  Million) 

19°  C. 

20 

20 

22 

22 

19 

20. s 

20.5 

20.  5 

180* 

70 
60 

6 

43 

18 

17 

14-5 
IS 
17-5 

218 

*Calcium  bicarbonate  solution  before  addition  of  lime  water. 

In  these,  as  in  most  of  the  experiments,  the  initial  alkalinity  of 
the  water  made  no  appreciable  difference  in  the  rapidity  of  the 
reaction  after  the  solution  had  stood  a  few  hours.  In  all  cases,  the 
results  obtained  by  using  phenolphthalein  as  indicator  were  one-haK 
of  those  obtained  with  methyl  orange ;  and  this  was  found  to  be  true 
at  all  stages  of  the  reaction.  The  experiment  recorded  in  Table 
7  was  repeated,  and  figures  were  obtained  which  practically  checked 
those  given. 

The  above  experiment  was  then  twice  repeated,  but  in  one  case 
the  solution  was  kept  at  a  temperature  of  2°  C,  and  in  the  other  case 
at  a  temperature  of  35°  C,  the  other  conditions  being  the  same  as 
above.     The  results  of  these  experiments  are  given  in  Tables  8  and  9. 

table   8. 


Time  in  Hours 

Temperature 

Parts  per 

Million  of 

CaC03 

i°C. 

2 

2 

2 

2 

2 

2 

2 

2 

313 

6 

49 
28 

52 

18 

173 

15..^ 

*Before  adding  lime  water. 
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TABLE   9. 


Time  in  Hours 

Temperature 

Parts  per 

Million  of 

CaC03 

35°  C. 

35 
35 
35 
35 
35 
35 

197* 
43 
29 
24 

18. 5 

28.0 

18.0 

♦Before  adding  lime  water. 

These  experiments  on  the  precipitation  of  calcium  carbonate 
with  lime  water  agreed  in  giving  an  end  point  which  was  practically 
constant,  even  though  the  temperature  varied  considerably.  Thus, 
at  2°  C.  the  end  point  showed  the  solution  to  contain  15.5  parts  per 
milhon  of  calcium  carbonate;  at  20°  it  was  14.5;  and  at  35°  it  was 
16.  In  these  experiments  the  alkalinity  nearly  always  increased 
slightly,  after  attaining  a  minimum  value,  but  this  was  evidently  due 
to  the  action  of  the  solution  on  the  glass  of  the  bottle.  It  is  evident 
from  Tables  8  and  9  that  the  speed  of  the  reaction,  after  the  first  hour, 
was  greater  at  35°  than  at  2°.  It  was  noticed  that  in  the  experiment 
where  the  water  was  kept  at  2°  the  calcium  carbonate  did  not  come 
down  as  a  colloidal  precipitate,  but  gradually  separated  from  the  solu- 
tion in  very  fine  crystals. 

PRECIPITATION    OF    MAGNESIUM   HYDROXIDE    WITH    LIME. 

The  experiments  on  the  precipitation  of  magnesium  hydroxide 
with  lime  were  carried  on  in  the  same  manner  as  those  for  calcium 
carbonate.  Two  experiments  were  made  at  first,  one  at  20°  C.  and 
one  at  37°  C.  The  results  of  these  experiments  are  given  in  Tables 
ID  and  II. 

TABLE    10. 


Time  in  Hours 

Temperature 

Observed 
Alkalinity 

Alkalinity  Due 
to  MgO,H, 

22°  C. 

21 

21 

20 

20 

20 

20 

20 

292* 

202 

104 

62 

S8 

47 

32 

33 

29 

23 

■?7 

21 

17 

17 

♦Before  adding  lime  water. 
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TABLE    II. 


Time  in  Hours 


1-5 

5-0 

29.0 

53  o 

loi  .0 

207-O 


Temperature 


31°  C. 
31 

34 
37 
37 
37 
37 


Observed 
Alkalinity 


28.0 


Alkalinity  Due 
to  MgOjH. 


In  these  experiments  the  observed  alkahnities  represent,  of  course, 
not  only  the  magnesium  hydroxide,  but  also  the  calcium  carbonate 
derived  from  the  lime  water  added.  In  order  to  obtain  figures  for 
the  magnesium  hydroxide  alone,  there  were  subtracted  from  the 
observed  alkalinities  the  amounts  of  normal  calcium  carbonate 
present  in  solution  at  corresponding  times  and  temperatures,  as 
shown  by  those  experiments  in  which  CaCOj  alone  was  precipitated. 
These  results  are  given  in  the  last  columns  of  these  two  tables. 

It  will  be  seen  from  these  experiments  that  the  reaction  with  lime 
water  proceeds  more  rapidly  in  the  case  of  magnesium  bicarbonate 
than  in  the  case  of  calcium  bicarbonate. 

In  order  to  obtain  better  values  for  MgOaHj,  two  precipitation 
experiments  were  made  together,  under  the  same  conditions  of  tem- 
perature and  time,  one  with  calcium  bicarbonate,  the  other  with 
magnesium  bicarbonate,  the  temperature  being  about  35°  C.  The 
results  of  this  experiment  are  given  in  Table  12. 


Alkalinity  in  Parts  per  Million 

Time  in  Hours 

Calcium 
Carbonate 

Magnesium 
Hydrate  and 

Calcium 
Carbonate 

Difference 
(MgO,HO 

0-2S 

0-5 

55 

40 

33 

29 

28 

2S 

22 

18. S 

16 

65 
66 
60 
55 
53 
50 
48 
30 
36 

30 
26 
27 
26 

3 

25 

26 

24 

48..  . 

20. s 

The  reason  why  the  magnesium  reaction  takes  place  more  rapidly 
than  the  calcium  may  be  due  to  the  fact  that  in  the  former  case  the 


1 62  George  C.  Whipple  and  Andrew  Mayer,  Jr. 

precipitate  is  colloidal  in  character,  while  in  the  latter  case  it  is 
crystalline,  although  colloidal  for  a  short  time  at  first.  It  apparently 
takes  some  time  for  calcium  carbonate  to  precipitate  completely  in 
this  crystalline  form. 

These  facts  have  an  important  bearing  upon  the  practical  opera- 
tion of  water-softening  plants.  Since  the  reaction  of  lime  water  on 
the  bicarbonates  of  calcium  and  magnesium  is  not  instantaneous,  but 
requires  a  certain  amount  of  time  for  completion,  it  follows  that,  in 
order  to  obtain  the  best  results,  water-softening  plants  must  be  designed 
of  such  capacity  as  to  give  time  for  this  reaction  to  be  pretty  well 
advanced  before  the  water  leaves  the  settling  tanks.  A  study  of  the 
practical  operation  of  a  number  of  plants  has  shown  that,  where  the 
capacities  of  the  coagulation  basins  are  large,  the  results  are  better 
than  where  they  are  small.  Thus,  at  Winnipeg,  Manitoba,  where 
the  time  interval  is  less  than  two  hours,  the  resulting  alkalinity  of 
the  water  is  80  parts  per  million,  while  at  Oberlin,  Ohio,  where  the 
time  interval  is  more  than  one  day,  the  resulting  alkalinity  is  some- 
times as  low  as  28  parts  per  million.  In  certain  plants  where  the 
time  interval  is  six  hours,  the  results  are  intermediate  between  those 
mentioned. 

It  is  a  well-known  fact  that  in  most  water- softening  plants  where 
recarbonization  is  not  practiced,  "after-deposits"  of  lime  are  apt  to 
form  on  the  sides  of  the  settling  tanks,  on  the  sand  grains  of  the  filter, 
and  in  the  distribution  pipes.  Analyses  of  these  deposits  made  by 
the  writers  have  shown  them  to  be  composed  almost  entirely  of  cal- 
cium carbonate,  with  almost  no  magnesium.  The  reason  for  this 
appears  to  be  connected  with  the  fact  that  the  rate  of  the  reaction  in 
the  case  of  calcium  is  slower  than  in  the  case  of  magnesium,  and 
partly,  of  course,  to  the  fact  that  the  calcium  content  of  most  waters 
considerably  exceeds  the  magnesium  content.  In  one  case  recently 
called  to  our  attention,  the  sand  in  the  filter  had  become  so  encrusted 
with  calcium  carbonate  that  its  effective  size  had  increased  from 
.40  to  .60  mm.  These  "after-deposits"  may  be  prevented  by  resort- 
ing to  the  method  of  recarbonization,  which  supplies  to  the  water 
enough  free  carbonic  acid  to  redissolve,  as  bicarbonates,  the  excess  of 
calcium  carbonate,  and  perhaps  magnesium  hydroxide,  which  would 
otherwise  gradually  settle  out. 
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summary  and  conclusions. 

1.  The  solubility  of  normal  calcium  carbonate,  as  determined  by 
direct  experiment,  was  found  to  vary  from  12  to  14  parts  per  million; 
by  the  precipitation  experiments  with  lime  water  it  was  found  to  be 
about  14.5  parts  per  million;  but  this  figure  is  subject  to  a  subtrac- 
tive  correction  on  account  of  the  action  of  the  alkaline  solution  on  the 
glass.  The  most  probable  value  for  the  solubility  of  this  salt,  at 
ordinar}'  temperatures,  may  be  taken,  therefore,  as  13  parts  per 
million. 

2.  The  solubility  of  magnesium  hydrate,  as  determined  by  direct 
experiment,  was  found  to  be  12  parts  per  million.  By  the  precipi- 
tation experiments  with  lime  it  was  found  to  be  10  parts  per  million, 
which  is  probably  more  nearly  correct,  and  which  may  be  taken  as 
the  most  probable  value.  This  is  equivalent  to  an  alkahnity  of  17 
parts  per  million. 

3.  The  reaction  between  lime  water  and  calcium  bicarbonate 
requires  several  days  for  its  completion  at  ordinary'  temperatures, 
but  is  much  more  rapid  at  37°  C.  than  at  the  freezing  point.  The 
greater  part  of  the  precipitate,  however,  separates  within  six  hours 
at  ordinar}'  temperatures.  The  longer  the  period  which  can  be 
allowed  for  the  reaction,  the  better,  therefore,  is  the  result. 

4.  The  reaction  between  lime  water  and  magnesium  bicarbonate 
takes  place  somewhat  more  rapidly  than  in  the  case  of  calcium. 
This  is  apparently  due  to  the  fact  that  the  precipitate  formed  is 
colloidal  instead  of  cr}^stanine. 

The  delayed  reaction  in  the  case  of  calcium  explains  why  "after- 
deposits,"  so  often  found  in  water-softening  plants,  contain  so  little 
magnesium. 

5.  In  order  to  prevent  the  formation  of  "after-deposits"  some 
method  of  recarbonization  is  necessary  when  the  time  allowed  for 
the  reactions  is  short. 

6.  The  effect  of  the  presence  of  different  salts  on  the  solubihty 
of  calcium  carbonate  and  magnesium  hydroxide  was  not  determined 
in  these  experiments,  but  loft  for  more  complete  study. 
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appendix. 

1.  A.  M.  CoMEY.     A  Dictionary  0/  Chemical  Solubilities,  1896. 

2.  Chevalet.     Ztschr.  /.  anal.  Chem.,  i86g,  8,  p.  91. 

200  c.c.  of  CaC03  solution  were  distilled  with  five  grains  NH4CI.  The  first  100  c.c. 
of  the  distillate  were  passed  into  10  c.c.  dilute  H2SO4.  The  CO2  was  boiled  off  and 
the  still  uncombined  acid  determined  volumetrically.  No  details  are  given  as  to  method 
of  making  CaCOj  solution. 

3.  Hoffmann.     Ztschr.  j.  anal.  Chem.,  1865,  4,  p.  414. 

A  solution  of  calcium  bicarbonate  was  subjected  to  prolonged  boiUng  and  the 
filtrate  analyzed.  It  is  not  stated  whether  the  boiling  was  conducted  in  glass,  porcelain 
or  platinum. 

4.  Peligot,  mentioned    by  Bineau  {vide  sq.)  as  having  obtained  a  value  of  20  parts 

per  million.     No  reference  given. 

5.  Weltziex.     Ann.  d.  Chem.  u.  Pharm.,  1865,    136,    p.  165.     No   particulars  of 

method  given. 

6.  Bineau.     Ann.  de  chim.  el  phys.,  Par.,  1857  (3),  51,  p.  290. 

Solutions  of  CaCOj  were  obtained,  (i)  by  shaking  an  excess  of  CaC03  with  pure 
water,  (2)  by  adding  a  slight  excess  of  calcium  salt  to  dilute  solution  of  NajCOj,  and 
(3)  by  prolonged  boiling  of  calcium  bicarbonate  solution.  The  amount  of  CaC03 
in  solution  was  determined  by  the  addition  of  an  excess  of  dilute  H2SO4,  expelling 
CO2  by  heat  or  in  a  partial  vacuum,  and  titrating  back  with  standardized  lime  water. 
Special  precautions  were  taken  against  the  action  of  the  CO2  of  the  atmosphere,  and 
the  action  of  CaC03  solution  on  glass.  "The  result  in  which  the  author  places  most 
confidence  is  16  parts  per  milHon  and  the  solubility  of  CaC03  is  certainly  not  more 
than  20  parts  per  million."     These  experiments  were  evidently  made  with  great  care. 

7.  SCHLOSING.     Compi.  rend.  Acad.  d.  Sc,  Par.,  1872,  74,  1552. 

"The  solubility  of  normal  CaC03  in  pure  water  was  determined,  with  all  neces- 
sary- precautions,  at  16°  C." 

8.  HoLLEMAN.     Ztschr.  j.  physik.  Chem.,  1893,  12,  125. 

Carefully  prepared  CaCOs  was  agitated  with  water  of  great  purity  in  small  vessels, 
protected  from  the  CO2  of  the  air  by  tubes  of  soda  lime.  The  electrical  conductivity 
of  the  solution  thus  obtained  was  carefully  measured,  and  the  amount  of  salt  in  solu- 
tion calculated  from  this  figure.  The  method  was  first  checked  by  solutions  of  known 
composition,  and  found  to  be  accurate  within  about  i  per  cent,  the  greatest  deviation 
being  2.8  per  cent. 

9.  KoHLRAUSCH  AND  RosE.     Ztschr.  /.  physik.  Chem.,  1893,  12,  p.  241. 

Pure  CaC03  was  added  to  water  of  great  purity,  in  flasks,  well  shaken,  and  the 
electrical  conductivity  determined  until  it  reached  a  constant  value,  from  which  the 
solubility  of  CaCOa  could  be  calculated.  The  solution  was  protected  from  the  COj 
of  the  air  and  special  attention  was  paid  to  the  quality  of  the  glass  used.  An  exactly 
similar  method  was  used  to  determine  the  solubility  of  Mg02H2. 

....  Kohlrausch  and  Rose  adduce  the  following  advantages  for  the  electrical 
conductivity  method  of  determining  solubilities,  which  they  claim  is  the  best  method 
for  this  purpose,  when  the  values  to  be  determined  are  small: 

The  progress  of  solution  can  be  followed,  and  when  a  constant  value  is  attained, 
the  fact  is  immediately  recognized. 

There  is  no  necessity  for  separating  from  the  solution  the   excess  of   undissolved 
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substance,  since  the  latter  introduces  no  perceptible  error  in  the  determination.  Hence, 
filtration  as  well  as  evaporation  and  other  lengthy  operations,  which  involve  the  pos- 
sible introduction  of  impurities,  are  avoided,  and  the  substance  can  be  used  in  as 
finely  divided  condition  as  may  be  desired. 

Only  a  small  amount  of  substance  is  required;  the  determination  requires  but  a 
short  time,  thus  avoiding  errors  introduced  by  the  action  of  the  solvent  upon  the  con- 
taining vessel. 

The  determination  is  conducted  in  closed  vessels,  thus  avoiding  the  influence  of 
foreign  matter,  for  instance,  the  CO2  of  the  air. 
ID.    KlMBERLY.     Jour.  Infect.  Dis.,  1905,  Supplm.  No.  i.,  p.  157. 

11.  Fresenius.     Ann.  d.  Chem.  u.  Pharm.,  1847,  59,  p.  117. 

Carefully  purified  MgO  was  digested  with  pure  cold  water,  filtered,  and  the 
filtrate  evaporated  to  dryness  in  platinum  dish.  No  mention  is  made  of  precautions 
taken  against  action  of  CO2  of  the  air  or  the  action  of  Mg02H2  solution  on  glass. 

12.  BiNEAU.     Compt.  rend.  Acad.  d.  Sc,  Par.,  1855,  41,  510. 

Method  not  given.  Author  states  that  solubihty  is  much  increased  by  action  of 
CO2  of  air. 


EXPERIENCE  WITH  THE  USE  OF  A  NONBASIC  ALUM  IN 
CONNECTION  WITH   MECHANICAL   FILTRATION. 

George   C.    Whipple   axd   Francis   F.    Long  ley. 

The  chemical  which  is  used  most  commonly  for  the  coagulation  of 
waters,  in  connection  with  the  mechanical  system  of  filtration,  is 
basic  sulphate  of  alumina,  more  often  referred  to  as  "sulphate  of 
alumina,"  or  merely  as  "alum."  In  a  case  where  so  much  depends 
upon  the  proper  chemical  treatment  of  the  water,  it  is  evident  that 
the  quality  of  the  chemical  used  is  a  matter  of  fundamental  impor- 
tance. Most  of  the  products  which  have  been  furnished  for  this  pur- 
pose have  been  reasonably  satisfactory  in  this  respect.  Recently, 
however,  an  instance  has  occurred  where  inferiority  in  the  quality  of 
the  alum  has  caused  a  noticeable  diminution  in  the  efficiency  of  the 
filter.  The  writers  have  thought  that  a  brief  description  of  this 
experience  might  be  of  interest  to  others. 

Theoretical  sulphate  of  alumina  has  the  formula  Al^ (804)3. 
18  H2O;  that  is,  it  contains  48.64  per  cent  of  water,  15.32  per  cent 
of  alumina  (AI2O3),  and  36.04  per  cent  of  sulphuric  acid  (SO3). 
The  aluminum  sulphate  of  commerce,  however,  differs  somewhat 
from  these  theoretical  proportions.  It  usually  contains  somewhat 
less  water  of  crystallization  and  more  sulphuric  acid  and  alumina. 
The  excess  of  alumina  over  the  theoretical  amount  is  generally  greater 
than  that  of  the  acid,  in  the  case  of  alums  which  have  been  furnished 
for  filtration  purposes.  This  is  what  has  given  rise  to  the  trade  name 
"basic  sulphate  of  alumina."  The  excess  of  alumina  (AI2O3)  over 
the  theoretical  amount  necessary  to  combine  with  the  acid  (SO3) 
usually  varies  from  i  to  5  per  cent,  although  it  sometimes  is  as 
high  as  10  per  cent.  The  ratio  of  alumina  (Al^Oj)  actually  present 
in  an  alum  to  the  amount  theoretically  necessary  to  combine  with  the 
acid  (SO3)  present  has  been  sometimes  termed  the  ratio  of  basicity. 
While  in  the  case  of  most  alums  which  have  been  furnished  for 
filtration  purposes  the  basicity  ratio  has  exceeded  unity,  alums  are 
sometimes  manufactured  for  other  purposes  which  have  a  basicity 
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ratio  less  than  unity  or  which  are  exactly  neutral.  Neutral  or  acid 
alums  are  sometimes  preferred  in  connection  with  paper-making, 
bleaching,  etc.  It  was  the  use  of  a  neutral  alum  in  connection  with 
mechanical  filtration  that  gave  rise  to  the  investigations  here  recorded. 

The  sulphate  of  alumina  of  commerce  is  seldom  absolutely  pure. 
It  usually  contains  a  certain  amount  of  matter  which  is  insoluble  in 
water,  small  amounts  of  ferrous  and  ferric  iron,  and,  occasionally, 
traces  of  lime,  etc. 

Specifications  under  which  alum  is  obtained  for  filter  purposes 
usually  require  that  the  amount  of  insoluble  matter,  the  amount  of 
iron,  etc.,  shall  not  exceed  certain  fixed  quantities.  They  also  pro- 
vide that  the  amount  of  available  alumina  (AI2O3)  shall  not  be  less 
than  a  certain  specified  figure.  Seldom  or  never,  however,  has  it 
,  been  specified  that  there  shall  be  an  excess  of  basic  alumina,  that  is, 
that  the  alum  shall  contain  more  alumina  than  is  theoretically  neces- 
sary to  combine  with  the  sulphuric  acid  present.  Our  experience, 
howTver,  has  led  us  to  believe  that  this  is  an  important  point. 

A  few  months  ago  a  mechanical  filter  was  put  into  operation, 
and  from  the  start  it  gave  lower  bacterial  efficiencies  than  it  should 
have  done,  considering  the  character  of  the  plant.  The  percentage 
removal  of  bacteria  was  between  90  and  95  per  cent,  instead  of  98 
per  cent,  as  was  expected.  This  condition  of  affairs  went  on  for  some 
time,  during  which  the  plant  was  examined  in  every  part,  and  ever}-- 
thing  found  to  be  working  satisfactorily  and  in  accordance  with  the 
most  improved  regulation.  The  character  of  the  sand,  the  method 
of  washing,  the  rate  of  wash  water,  the  apphcation  of  air,  the  time  of 
coagulation,  etc.,  were  all  found  to  be  as  they  should  be,  yet  the 
results  remained  unsatisfactory.  After  a  somewhat  long  series  of 
experiments  it  was  finally  determined,  by  process  of  exclusion,  that 
the  trouble  must  lie  with  the  alum.  In  the  meantime  it  had  already 
been  noticed  that  the  alum  furnished  had  a  low  basicity  ratio  or  was 
practically  neutral.  An  occasional  lot  was  even  found  to  be  sHghtly 
acid  instead  of  basic.  There  being  no  experience  on  record  with  the 
use  of  such  an  alum,  laboratory  experiments  were  made  to  determine 
the  difference  between  a  neutral  alum  and  a  thoroughly  basic  alum 
in  the  coagulation  of  water.  Several  samples  were  obtained  which 
differed  in  their  basicity  from  i.oo  to  1.06,  and  these  alums  were 
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added  to  various  samples  of  water  in  various  amounts  from  one-half 
to  three  grains  per  gallon.  The  results  were  striking.  In  the  case  of 
the  basic  alums  the  floes  of  coagulant  formed  more  rapidly  and  were 
much  larger  than  in  the  case  of  the  neutral  alums.  This  was  found 
to  be  true  with  a  clear  hard  water,  with  a  soft  water  moderately  clear, 
and  with  a  highly  colored  water.  The  neutral  alum  was  then  rendered 
basic  by  the  addition  of  sodium  hydrate,  and  when  this  was  compared 
with  the  same  alum  without  this  addition,  the  floes  were  decidedly 
larger  in  the  case  of  the  basicified  sample.  The  reason  for  this  action 
is  not  apparent,  but  the  fact  appears  to  be  beyond  dispute.  It  was 
interesting  to  note  that  the  application  of  sodium  carbonate  to  the 
water  before  adding  the  alum  did  not  have  the  same  effect  as  the 
addition  of  sodium  hydrate  to  the  alum  itself.  These  experiments 
were  then  repeated  on  a  large  scale  in  the  actual  operation  of  the 
filter.  Caustic  soda  was  purchased  and  added  to  the  alum  solution 
in  the  tanks,  but  this  did  not  appear  to  give  any  improvement  in  the 
results  of  filtration,  while  it  did  give  rise  to  a  noticeable  sludge  in  the 
bottom  of  the  alum  tanks.  It  was  evident  that  this  method  of  appli- 
cation was  not  the  proper  one,  for,  as  shown  by  laboratory  experi- 
ment, although  the  sodium  hydrate  dissolved  with  reasonable  care, 
especially  on  being  warmed,  it  precipitated  within  a  short  time,  and 
the  solution  apparently  lost  its  basic  property.  Accordingly  the  soda 
solution  was  made  up  separately  from  the  alum,  and  an  arrangement 
was  made  whereby  it  was  applied  to  the  alum  solution  just  before 
the  latter  was  added  to  the  water.  This  method  of  appHcation 
appeared  to  accomplish  its  purpose,  and  there  was  an  immediate 
improvement  in  the  efficiency  of  the  plant,  as  shown  by  the  following 
figures;  the  first  line  represents  the  period  during  which  the  neutral 
alum  was  used  without  soda;  the  second  with  soda: 

TABLE    t. 


Bacteria  per  c.r. 

Color 

Pounds  per  Million 
Gallons 

Raw 

Water 

Filtered 
Water 

Per  Cent 
Reduction 

Raw 
Water 

Filtered 
Water 

Quantity 
of  Alum 

Quantity 
of  Soda 

4-370 
2,520 

301 
122 

QI  .0 
95-2 

45 
45 

13 
6 

267 
237 

0 
S 
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Not  only  were  the  bacterial  efi&ciency  and  the  color  of  the  effluent 
improved,  but  it  was  found  that  equally  as  good  results  could  be 
obtained  by  the  use  of  less  alum  when  the  soda  was  used  as  when 
soda  was  not  used.  These  experiments  were  so  convincing  that  it 
was  decided  to  purchase  a  new  lot  of  alum  which  had  a  basicity  ratio 
of  at  least  1.05.  The  results  obtained  with  this  new  lot  of  alum 
showed  a  great  improvement  over  previous  ones,  a  fact  made  evident 
by  the  figures  given  below.  In  order  to  make  a  further  test  of  the 
advantages  of  the  basic  alum,  the  use  of  the  two  alums  was  alternated 
from  time  to  time  in  order  to  obtain  comparative  results. 

TABLE   2. 


Dates 


Average 

No.  Bacteria  per  c.c. 

Quantity 
Alum* 

Raw 

Filtered 

Per  Cent 

Water 

Water 

Reduction 

10,130 

500 

95-4 

199 

19,755 

78 

90.4 

303 

13.400 

152 

98.7 

294 

3.8T0 

73 

98.2 

26i; 

1.390 

74 

95  0 

278 

2,212 

77 

96.7 

223 

2,3i4 

135 

94- 5 

223 

996 

43 

95-8 

228 

1-423 

99 

930 

260 

4,022 

176 

95-5 

244 

4.374 

68 

98.4 

238 

Alum 


Mar.  27-30 

Mar.  31-Apr.  4. 

.\pril    5-6 

April    7-8 

April    9-10 

April  11-29 

Apr.  30-May  8. 

May     9-18 

May  T9-31 


Average . 
Average . 


Neutral  alum 
Basic 

Neutral 

Basic 

Neutral 

Basic 

Neutral 

Basic 

Neutral 

Neutral  alum  for  30  days 
Basic  alum  for  40  days 


♦Pounds  per  million  gallons. 

The  figures  show  that  with  the  neutral  alum  the  bacterial  effi- 
ciency for  30  days  was  95.5  per  cent,  while  with  the  basic  alum  for 
40  days  it  was  98.4,  even  though  the  quantity  of  basic  alum  used  was 
slightly  less  than  in  the  case  of  the  neutral  alum.  Since  that  time 
the  use  of  basic  alum  has  been  insisted  upon,  and  the  efficiency  of 
the  filters  has  been  satisfactory. 

The  following  table  gives  the  results  of  chemical  analyses  of 
typical  lots  of  neutral  and  basic  alums  which  have  been  used : 

TABLE   3. 


Available   AUO3 

Total  SO3 

Free  SO3 

FeO 

Fe,03 

Insoluble  matter 
Basicity  ratio. . . 


Lot 

Lot 

Lot 

Lot 

Lot 

No.  3 

No.  5 

No.  7 

No.  0 

No.  10 

17.24 

1723 

17.18 

17  56 

17-95 

40.92 

40.70 

41.43 

40.35 

40.17 

0. 20 

0.18 

0.27 

0.23 

0. 14 

0.05 

0.042 

o.os 

0.05 

0.17 

0.27 

0.28 

0.27 

0.23 

0. 14 

0.00 

0.26 

0. 14 

0.06 

0.08 

0  995 

1 .00 

0.082 

1 .025 

I  OS 

Lot 
No.  IS 

1757 

40.05 

0.15 
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The  neutral  alums  were  found  to  be  unsatisfactory  in  another 
respect.  When  dissolved  in  the  alum  tanks  the  solution  was  turbid, 
and  when  the  tank  was  emptied  a  considerable  amount  of  sludge  was 
found  at  the  bottom.  This  insoluble  matter  caused  no  little  trouble 
with  the  small  centrifugal  pumps  which  were  used  in  pumping  the 
solution  to  the  tank  where  its  rate  of  application  to  the  water  was 
controlled.  The  suspended  matter  in  the  alum  solution  formed 
deposits  in  the  pipes,  which  had  to  be  frequently  cleaned  out  in  order 
to  maintain  a  continuously  uniform  flow.  It  also  necessitated  frequent 
cleaning  of  the  alum  tanks.  Some  of  the  sediment  was  due  to  the 
presence  of  ferric  iron,  but  a  part  of  it  appeared  to  be  due  to  unde- 
composed  bauxite  used  for  the  manufacture  of  the  alum.  The  basic 
alums  which  have  been  used  have  not  given  nearly  as  much  trouble 
in  this  regard  as  the  neutral  alums. 

The  sludge  that  formed  in  the  bottom  of  the  tank  was  detri- 
mental, however,  only  in  a  mechanical  way,  that  is,  by  preventing 
the  uniform  application  of  the  solution  to  the  water.  It  did  not 
affect  the  active  strength  of  the  solution  (i.  e.,  the  available  AI2O3), 
as  the  following  figures  will  show.  Samples  of  the  alum  solution 
were  taken  from  the  tanks  and  allowed  to  stand  in  bottles  for  24 
hours.  Then  equal  portions  were  taken,  of  A  the  clear  solution  at 
the  surface;  and  B  the  solution  containing  the  sludge  at  the  bot- 
tom. Gravimetric  determinations  of  the  alumnia  in  these  samples 
gave  results  as  follows: 

TABLE  4. 


Sample  No.  i . 


0.0078  grams  A: 203 

0.0770 

00899       " 


0.0S67  grams  .\T203 
0.3910 


Alums  furnished  by  different  dealers  vary  considerably  with 
respect  to  their  iron  contents.  In  some  cases  the  iron  is  present 
chiefly  in  the  ferrous  condition,  and  in  other  cases  in  the  ferric.  It 
has  been  the  habit  of  some  filtration  engineers  to  specify  that  the  iron 
shall  be  present  chiefly  in  the  latter  form,  fearing  that  in  the  ferrous 
condition  it  would  be  more  likely  to  unite  with  the  organic  matter, 
pass  through  the  filter,  and  remain  in  the  filtered  water.     Our  expe- 
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rience  has  been  that  this  fear  is  unfounded,  and  that  there  is  an 
advantage  in  having  the  iron  present  in  the  ferrous  form  instead  of  in 
the  ferric.  The  resuking  solution  appears  to  be  much  clearer,  and 
there  is  less  sludge  formed  in  the  tank,  less  clogging  of  the  pipes, 
and  less  interference  with  the  regulation  of  the  alum  feed.  There 
is,  however,  a  limit  beyond  which  the  amount  of  iron  should  not  be 
allowed  to  pass.  Laboratory  experiments  which  we  conducted  in  con- 
nection with  the  matter,  as  well  as  experiments  made  with  the  entire 
plant  on  a  larger  scale,  showed  that  an  amount  of  ferrous  iron  equal 
to  0.5  per  cent  of  the  alum  gave  no  trouble.  It  increased  neither  the 
color  of  the  filtered  water  nor  the  amount  of  iron  which  it  contained. 
As  a  result  of  our  experience  the  following  specifications  have 
been  drawn  up  for  the  purchase  of  future  supplies  of  alum,  and  we 
suggest  that  specifications  for  filter  alum  shall  always  require  that 
there  shall  be  a  substantial  excess  of  alumina,  that  is,  that  the  alum 
shall  be  distinctly  basic.  This  is  usually  so  in  any  case  when  the 
available  alumina  exceeds  17.5  per  cent. 

specifications. 

The  basic  sulphate  of  alumina  shall  be  guaranteed  to  contain  17  per  cent  of 
alumina  (AI2O3),  soluble  in  water,  and  of  this  amount  at  least  5  per  cent  shall  be  in 
excess  of  the  amount  theoretically  necessary  to  combine  with  the  sulphuric  acid 
present.  It  shall  not  contain  inore  than  o.i  per  cent  of  matter  insoluble  in  water 
and  it  shall  be  practically  free  of  chips  and  debris  of  all  kinds.  It  shall  not  contain 
more  than  0.5  per  cent  of  iron  (FcaOj),  and  the  iron  shall  be  preferably  in  the  ferrous 
state.  The  alum  shall  be  crushed  to  pieces  of  such  a  size  that  they  will  pass  through 
a  ring  three  inches  in  diameter. 

If  bidders  so  desire,  they  may  bid  on  a  product  containing  a  larger  amount  of 
soluble  alumina,  stating,  however,  the  amount  which  they  guarantee.  The  additional 
^tiength  will  be  taken  into  account  in  deciding  where  to  place  the  order 


THE  USE  OF  COPPER  SULPHATE  IN  WATER 
FILTRATION. 

H.  W.  Clark  and  S.  DeM.  Gage. 

An  experiment  was  begun  at  the  Lawrence  Experiment  Station, 
during  1904,  in  order  to  test  the  value  of  copper  sulphate  as  an 
aid  in  the  purification  of  polluted  water.  In  this  investigation  a 
a  large  experimental  filter,  17  feet  4  inches  in  diameter  and  contain- 
ing two  and  one-half  feet  in  depth  of  good  filter  sand,  was  used. 
Before  the  beginning  of  the  copper  sulphate  experiment,  this  filter 
had  been  in  use  for  11  years,  filtering  Merrimac  River  water. 
Beginning  May  17,  1904,  however,  copper  sulphate  was  added  to  the 
raw  water  applied  to  this  filter,  the  amount  used  at  first  being  one 
part  of  the  sulphate  in  1,000,000  parts  of  water,  and  the  greatest 
amount  used  during  the  year  of  experiment  being  one  part  in  133,000 
parts  of  water. 

The  copper  sulphate  was  applied  directly  to  the  water  upon  the 
surface  of  the  filter,  but  the  volume  of  water  always  above  the  sand 
allowed  a  storage  of  water,  after  introduction  of  the  sulphate,  ran- 
ging from  five  and  one-quarter  hours  to  slightly  more  than  eight 
hours,  varying,  of  course,  with  the  rate  of  filtration  at  which  the  filter 
was  being  worked. 

Examination  of  the  sand  of  the  filter  from  time  to  time,  during 
the  experiment  and  after  the  experiment  had  ended,  showed  the 
accumulation  of  a  large  amonnt  of  copper  in  the  sand,  and  also 
showed  that  the  copper  penetrated  throughout  the  entire  depth  of  the 
filter.  At  the  end  of  the  experiment,  the  amount  of  copper  in  the 
surface  sand  of  the  filter  was  22.8  parts  per  100,000;  at  a  depth  of 
12  inches,  7.6  parts  per  100,000;  and  at  a  depth  of  24  inches,  6.8 
parts  per  100,000.  Giving  these  results  in  terms  of  copper  sulphate, 
the  surface  sand  contained  89.5  parts  of  copper  sulphate  per  100,000; 
at  a  depth  of  12  inches,  79.8  parts;  and  at  a  depth  of  24  inches,  26.6 
parts. 

Anlayses  of  the  effluent  of  tlie  filter  showed  that  this  effluent  con- 
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tained  copper,  calculated  as  copper  sulphate,  varying  in  amounts  at 
different  times  from  1.2  parts  per  million  parts  of  water  to  5.8  parts 
per  million  parts  of  water.  At  the  end  of  August,  1905,  three  months 
after  we  had  ceased  to  add  copper  sulphate  to  the  applied  water,  the 
effluent  contained  copper,  calculated  as  copper  sulphate,  to  the 
amount  of  3.7  parts  per  million  parts  of  water,  showing  that  copper 
was  continually  being  taken  into  solution  from  the  deposit  within  the 
filter. 

The  actual  volume  of  water  passed  through  this  filter  daily 
varied  from  14,000  to  26,000  gallons,  and  the  rate  of  filtration  varied 
from  2,800,000  gallons  per  acre  daily  to  5,200,000  per  acre  daily. 

In  connection  with  this  work,  experiments  were  made  in  regard 
to  the  rate  of  sedimentation  of  copper  sulphate  after  being  mixed 
with  water  in  large  tanks  at  the  experiment  station,  using,  of  course, 
water  of  the  same  character  as  that  used  in  the  filtration  experiment. 
In  one  of  these  sedimentation  experiments  it  was  found  that  there 
was  practically  no  sedimentation  of  the  copper  until  after  a  period  of 
20  days;  in  one,  a  sedimentation  of  50  per  cent  in  54  days;  in  one,  a 
sedimentation  of  about  60  per  cent  in  62  days;  and  in  one,  a  sedi- 
mentation of  58  per  cent  in  21  days.  No  sedimentation  occurred  in 
periods  of  24  or  48  hours. 

If,  therefore,  in  this  filtration  experiment,  a  sedimentation  tank 
had  been  placed  between  the  point  of  application  of  the  copper 
sulphate  and  the  filter,  a  normal  period  of  sedimentation  would  have 
effected  little  copper  removal,  and  practically  all  the  copper  not 
passing  through  the  filter  and  appearing'  in  the  effluent  would  have 
collected  upon  the  filtering  material.    . 

During  the  active  period  of  this  investigation,  samples  of  the 
water  passing  to  the  filter  and  the  effluent  of  the  filter  were  -taken 
daily  for  bacterial  examination.  The  bacterial  results  obtained  from 
the  filter  during  this  experiment,  when  compared  with  those  obtained 
during  the  year  previous  to  the  application  of  copper  sulphate  to  the 
raw  water,  show  no  gain  in  bacterial  removal  on  account  of  the  use 
of  the  copper  sulphate — rather  the  reverse.  During  the  year  pre- 
vious to  the  use  of  copper  sulphate,  the  raw  water  contained  8,300 
bacteria  per  c.c.  and  the  effluent,  73  bacteria  per  c.c. — or  a  bacterial 
efficiency  of  99.12  per  cent.     During  the  year  of  copper  sulphate 
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treatment,  the  raw  water  contained  7.400  bacteria  per  c.c,  and  the 
effluent  of  the  filter,  114  per  c.c — a  bacterial  efficiency  of  98,5  per 
cent,  0.62  of  I  per  cent  less  than  during  the  previous  year.  During 
both  years  practically  every  cubic  centimeter  sample  of  the  raw  water 
that  was  tested  contained  B.  coli.  The  effluent  of  the  filter  during 
the  year  before  the  copper  treatment  contained  B.  coli  in  13.5  per 
cent  of  the  cubic  centimeter  samples  examined,  and  during  the  year 
of  copper  treatment  it  was  found  in  26  per  cent  of  the  cubic  centi- 
meter samples  examined. 

Summarizing,  it  can  be  said  that  poorer  results  in  water  filtration 
were  obtained  when  using  copper  sulphate  than  when  operating  the 
same  filter  without  the  use  of  the  copper  sulphate;  a  poorer  effluent, 
organically,  was  obtained,  and  there  was  an  accumulation  of  copper 
upon  the  sand  in  the  filter  that  would  eventually — if  copper,  in  the 
form  in  which  it  remains  upon  the  sand,  has  any  strength  at  all  as  a 
bactericide — reduce  the  efficiency  of  the  filter  very  greatly;  that  is, 
the  biological  actions  upon  which  good  results  with  slow  sand  filters 
depend  would  be  badly  impaired. 
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Early  in  1904,  Moore  and  Kellerman'  published  the  resuhs  of 
their  studies  of  the  effect  of  copper  sahs  on  the  growth  of  algae  and 
bacteria,  claiming  that  minute  quantities  of  copper  were  sufficient 
to  prevent  the  development  of  many  troublesome  algae  in  water 
supplies,  and  that  a  large  percentage  of  the  bacteria,  including  all 
of  the  pathogenic  bacteria,  were  destroyed  as  the  result  of  such 
treatment.  In  addition,  these  observers  claimed  that  storage  of  a 
few  hours  in  a  copper  vessel  would  effectually  free  any  water  from 
pathogenic  bacteria. 

Appreciating  that  a  method,  apparently  so  simple,  would  soon 
be  brought  into  practical  apphcation,  and  realizing  that  many  factors 
concerning  its  safety  and  efficiency  yet  remained  to  be  worked  out, 
experiments  were  begun  by  the  Massachusetts  State  Board  of  Health 
to  investigate  thoroughly  all  phases  of  the  subject  as  applied  to  the 
treatment  of  Massachusetts  waters.  In  the  course  of  this  work, 
much  information  has  been  acquired  as  to  the  action  of  copper  on 
the  bacterial  contents  of  waters  of  different  kinds,  and  it  is  with 
this  phase  of  the  problem  that  the  present  paper  treats. 

The  experimental  data  fall  naturally  under  two  heads:  (i)  experi- 
ments in  which  waters  were  treated  with  definite  amounts  of  copper 
as  copper  sulphate;  and  (2)  experiments  in  which  the  water  was 
placed  in  contact  with  metallic  copper  and  allowed  to  absorb  an 
unknown  amount  of  copper.  Each  of  these  two  lines  of  investiga- 
tion may  be  subdivided  as  follows: 

a)  Effect  on  the  total  numbers  of  bacteria  in  the  water. 

b)  Effect  on  the  numbers  of  B.  coli  naturally  present  in  polluted 
waters. 

c)  Effect  on  the  numbers  of  B.  cob  added  to  water  in  the  form 
of  laboratory  cultures. 

d)  Effect  on  the  numbers  of  B.  typhosus  added  to  water  in  the 
form  of  laboratory'  cultures. 

'U.  S.  Depl.  Agri.  Bureau  Plant  Industry,  Bull.  N^o.  64,  1904. 
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In  addition,  experiments  have  been  made  to  compare  the  action 
of  other  sahs  frequently  used  in  water  purification,  such  as  ferrous 
sulphate  and  aluminum  sulphate,  with  copper  sulphate,  and  also 
to  compare  the  effect  of  other  metals  with  that  of  metallic  copper. 

To  the  sanitarian  the  question  arises:  Does  copper  in  dilute 
solution  destroy  the  bacteria  completely,  and  do  the  same  laws  which 
apply  to  the  common  water  bacteria  apply  equally  when'  dealing 
with  the  bacillus  of  typhoid  fever?  As  we  have  frequently  pointed 
out,  tests  made  with  laboratory  cultures  of  B.  typhosus,  while  they 
have  a  certain  value,  are  not  conclusive  evidence  as  to  what  would 
be  the  behavior  of  typhoid  organisms  which  have  come  from  fecal 
matter  and  have  become  accustomed  to  life  in  water. 

The  difficulty  of  isolating  typhoid  from  mixed  cultures  in  water, 
and  the  preponderance  of  other  germs  in  sewage-polluted  water, 
rendered  it  necessary  to  attack  our  problem  in  a  roundabout  manner. 
The  method  which  has  given  the  most  reliable  information  at  Law- 
rence, in  investigations  of  this  character,  has  been  to  study  the  relative 
viability  of  different  laboratory  cultures  of  both  B.  typhosus  and 
B.  coli,  to  study  the  viability  of  the  colon  bacillus  in  a  natural  state 
under  similar  conditions,  and  from  the  two  sets  of  experiments  to 
draw  inferences  as  to  the  viability  of  the  typhoid  bacillus  in  nature 
under  similar  conditions. 

The  weak  point  in  the  conclusions  of  Moore  and  Kellerman  with 
regard  to  the  destruction  of  typhoid  by  copper  is  that  they  were 
drawn  from  analyses  in  which  the  largest  amount  of  water  tested 
was  I  c.c,  and  the  usual  amount  tested  was  less  than  .01  c.c.  It 
is  generally  conceded,  especially  when  dealing  with  laboratory 
cultures,  that  the  great  majority  of  the  typhoid  bacilli  are  quickly 
destroyed  by  conditions  unfavorable  to  their  growth.  It  has  also 
been  repeatedly  shown  that  a  few  germs  are  much  more  resistant 
than  the  majority,  and  may  survive  even  under  the  most  unfavorable 
conditions  for  many  days.  All  epidemiological  evidence  points  to 
the  conclusion  that  the  germs  which  are  able  to  live  under  unfavorable 
conditions  are  also  extremely  pathogenic,  and  that,  while  it  may  help 
to  destroy  the  majority  of  the  ])acilli,  no  method  of  sterilizing  water 
is  thoroughly  effective  unless  it  will  accomplish  the  destruction  of 
the  especially  resistant  individuals. 
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It  is  unsafe  to  conclude  that  because  a  certain  species  of  bacteria, 
especially  a  pathogen  hke  B.  typhosus,  is  not  found  in  a  loopful  of 
the  water,  or  even  in  i  c.c,  that  there  is  no  danger  from  the  use  of 
that  water.  The  average  drinking-glass  Holds  about  300  c.c,  and 
until  repeated  tests  of  volumes  as  large  as  100  c.c.  have  been  made 
and  the  germ  proved  to  be  absent,  the  water  under  observation 
cannot  safely  be  said  to  be  free  from  the  test  forms. 

EXPERIMENTAL   METHODS   AND   EXPRESSION  OF   RESULTS. 

In  experiments  where  the  water  was  treated  with  metallic  salts, 
the  water  was  first  drawn  in  bulk,  carefully  mixed  and  sampled, 
then  divided  into  portions  of  uniform  size,  one  of  which,  the  control, 
was  carried  through  untreated,  the  others  being  treated  with  varjdng 
amounts  of  copper  sulphate.  The  containers  in  all  cases  were  of 
glass,  and  the  samples  were  in  every  case  kept  in  the  dark  at  room 
temperature.  Daily  bacterial  analyses  were  made  of  the  contents 
of  the  various  bottles  in  each  experiment,  and  in  a  few  experiments 
a  number  of  analyses  were  made  during  the  first  24  hours.  In  every 
case  the  contents  of  the  bottles  were  shaken  thoroughly  before 
samples  were  removed  for  analysis,  thus  insuring  a  fair  sample. 
The  volume  of  water  used  in  the  different  experiments  varied  con- 
siderably; in  some  experiments  only  100  c.c.  of  water  were  placed 
in  each  bottle,  in  others  1,000  c.c.  were  used,  and  in  a  few  experi- 
ments 3,000  c.c.  was  the  volume  treated. 

In  the  experiments  in  which  the  waters  have  been  exposed  to 
metallic  copper,  about  15  hters  of  water  were  used  in  every  case, 
except  in  the  experiments  in  which  a  number  of  metals  were  under 
comparison,  in  which  case  the  volume  of  water  used  was  about 
1,000  c.c. 

The  containers  in  the  metal  experiments  have  in  some  cases  been 
of  copper,  with  the  control  in  enameled  ware  or  in  glazed  stoneware, 
and  in  others  the  waters  have  been  placed  in  glass  and  the  metals 
inserted  as  thin  sheets. 

In  the  experiments  where  the  metal  was  in  the  form  of  the  con- 
tainer, or  was  inserted  as  sheets,  it  was  impossible  to  shake  the 
contents,  and  stirring  was  inadvisable,  since  it  was  likely  to  cause 
abrasions  in  the  metal  and  affect  the  normal  rate  of  -solution  of  the 
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metal  by  the  water.  In  these  experiments  we  have  resorted  to  such 
mixing  as  could  be  produced  by  blowing  strongly  through  the  pipettes 
at  the  time  of  sampling.  Samples  collected  under  such  circum- 
stances are  not  as  representative  as  would  have  been  the  case  had 
a  thorough  shaking  occurred,  and  some  of  the  variations  in  such 
experiments  may  be  attributed  to  this  imperfect  sampling. 

The  determination  of  the  numbers  of  bacteria  and  of  B.  coli  in 
raw  waters  has  been  made  by  the  regular  "Lawrence"  methods. 
In  dealing  with  sterile  waters  seeded  with  laboratory  cultures  of 
B.  coli  and  B.  typhosus,  counts  were  made  on  agar  plates  incubated 
1 8  hours  at  body  temperature,  and  tests  of  larger  volumes  than  i 
c.c.  were  made  by  mixing  broth  with  the  water,  incubating  at  body 
temperature,  and,  in  case  a  growth  was  obtained,  by  identifying  the 
test  organisms  by  the  usual  cultural  tests.  In  the  following  tables 
the  sign  +  indicates  that  there  was  no  growth  on  plates,  but  that 
the  organism  was  proved  to  be  present  by  qualitative  tests. 

A  number  of  different  methods  of  expressing  the  copper  content 
of  waters  have  been  used  in  recent  publications,  the  most  common 
being  the  expression  of  the  ratio  of  copper  sulphate  to  water  by 
weight.  While  this  method  of  expression  is  satisfactory  in  speaking 
of  treatment  with  copper  sulphate,  it  is  rather  out  of  place  in  speaking 
of  the  amount  of  copper  absorbed  in  the  metalHc  or  colloidal  state. 
As  copper  sulphate  is  dissociated  in  dilute  solutions,  and  as  it  is  the 
copper  ion  which  is  apparently  the  germicide,  it  is  more  convenient 
to  express  our  results  in  parts  of  copper  per  100,000  parts  of  water, 
especially  when  we  wish  to  compare  copper  sulphate  treatment  with 
the  metallic  copper  treatment.  This  method  of  expression  has  been 
used  throughout  in  the  tables,  although  in  some  cases  both  methods 
of  expression  have  been  used  in  the  text.  The  following  equivalent 
weights  of  the  metals  and  of  the  metallic  salts  are  given  for  com- 
parison : 

Copper  sulphate  (CUS045H2O):    Copper  (Cu)=  1:0.253 
Ferrous  sulphate  (FeS047HjO):   Iron  (Fe)=i:o.2oi 
Aluminum  sulphate  (Alj(S04)5):    Aluminum  (Al)=  i -.0.158 

EXPERIMENTS  WITH  COPPER  SULPHATE. 

In  the  following  digest  of  experiments  the  various  bottles  in  each 
experiment  are  designated  by  the  amount  of  copper  added: 
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Experiment  l^g. — Merrimac  River  water.  Copper  range  0.000253  to  253.  Dura- 
tion 10  days.  The  bacteria  in  0.000253  and  0.00253  act  like  the  control.  In  0.0253 
and  0.253  the  bacteria  increased.  In  2.53  and  25.3  all  but  a  few  of  the  bacteria  were 
killed,  these  few  remaining  throughout  the  e.xperiment.  In  253  the  bacteria  were 
all  destroyed.     The  bacterial  results  are  shown  in  Table  i. 

« 
TABLE    I. 
Merrim.\c  River  Water. 
(Bacteria  per  c.c.) 


Elapsed  Time 


Copper — Parts  per  100,000 


Control 


0-253 

2.53 

25-3 

30 
88,600 

Q 
9 

3 
0 

103,000 

10 

6 

157.500 

12 

2 

7Q,200 

27 

0 

97.500 
118,800 

II 

9 

2 
8 

Start. . . 

1  day. 

2  days. 
3 


3,800 


10,000 
4,800 
2,500 
3.600 
1,100 
1,800 
410 


22,400 
16,000 
11,800 
9,700 
2,400 
3.500 
870 


340,800 

357,000 

300,000 

315,000 

10,300 

7.500 

4.700 


Experiment  l6j.- — Merrimac  River  water  containing  i  per  cent  of  sewage 
Range  0.000253  to  253.  Duration  20  days.  The  numbers  of  bacteria  in  the  control 
were  higher  in  24  hours  than  they  were  at  the  start,  but  decreased  slowly  during  the 
experiment.  The  bacteria  in  0.000253,  0.00253,  "^^^  °-253  were  nearly  all  destroyed 
in  24  hours,  but  the  few  remaining  increased  to  large  numbers  in  the  course  of  three 
or  four  days.  In  0.0253  the  bacteria  increased  immediately  and  then  decreased  slowly. 
In  2.53  and  25.3  nearly  all  of  the  bacteria  were  destroyed,  but  the  few  remaining  were 
alive  during  20  days.  In  253  all  of  the  bacteria  were  destroyed  in  two  days.  The 
bacterial  results  are  shown  in  Table  2. 

TABLE    2. 

Merrimac  River  W.\ter  to  Which  Was  Added  i  per  Cent  of  Lawrenxe  Sewage. 
(Bacteria   per  c.c.) 


Elapsed  Time 


Copper — Parts  per  100,000 


Control 


0.253 

2.53 

25-3 

""So 

20 

's 

4,200 

6 

9 

3.900 

26 

23 

4.400 

28 

35 

130,800 

14 

3 

85,200 

20 

16 

55.500 

15 

8 

15.600 

14 

12 

3.300 

7 

8 

Start. . . 

1  day.. 

2  days 

3  " 

4  " 

6  "  , 

8  " 
10  " 
13  " 


46  000 

69,000 

41,500 

12,500 

13.700 

7.400 

8,000 

4,200 

4,400 

1,400 


37 

19 

6s 

447.300 

590,000 

71,000 

37.350 

25,600 

100 


13 

34 

125,700 

55 

18,500 


23 


333.000 

404,500 

610,000 

138.500 

83,100 

220,000 

56,200 

33.000 

1,700 


Experiment  210. — Merrimac  River  water  containing  jV  of  x  per  cent  of  sewage. 
Duration  131  days.  Range  0.000253  to  2.53.  The  bacteria  in  the  control  increased 
at  first  and  then  decreased  slowly  until  the  11 6th  day,  when  a  slight  secondary  increase 
was  noted.    0.000253,  0.00253,  ^""^  0-0253  all  increased  largely  during  the  first  two  or 
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TABLE   3. 

Merrimac  River  Water  to  Which  Was  Added  o.i  per  Cent  of  Lawren'ce  Sewage. 

(Bacteria  per  c.c.) 


Elapsed  Time 


Copper — Parts  per  100,000 


Control 

0.000253 

0.00253 

0.0253 

0.253 

2.53 

17,000 

72,i;oo 

18,500 

1 1 5,000 

132,000 

800 

ISO 

64,800 

68,400 

87,800 

87,800 

7,000 

18 

35,000 

5.SOO 

24,300 

175.000 

372.800 

6S 

10,700 

12,300 

32.600 

223,200 

458,000 

6s 

17.500 

56,500 

5  7.. 500 

162,000 

581,400 

100 

12,000 

15,200 

50,500 

90,000 

151.200 

TOO 

2,200 

4,800 

7.300 

19,500 

75,600 

SO 

T  1,000 

1.3.300 

7.300 

3  5,. 500 

266,300 

24 

8,900 

4.700 

4,600 

14,000 

532,500 

25 

8,000 

7.400 

3.000 

7.500 

450,000 

2,600 

6,200 

5. 800 

5. 100 

30,000 

770,000 

2,400 

3.300 

2,400 

2.650 

9,100 

320,000 

550 

600 

800 

900 

5.SOO 

18,400 

33 

390 

450 

1,600 

4,500 

194,400 

120 

190 

135 

180 

1,700 

210,000 

30 

no 

210 

205 

830 

11,400 

475 

95 

475 

250 

700 

10,500 

240 

65 

90 

65 

300 

8,850 

7S 

75 

00 

160 

140 

4.500 

9 

170 

85 

210 

100 

1.42s 

4 

21 

275 

275 

24 

480 

4 

140 

1,100 

72s 

190 

175 

35 

120 

2,700 

I.  TOO 

5.30 

500 

9 

38 

75 

210 

55 

230 

1 

55 

160 

3SO 

300 

275 

5 

T.IOO 

120 

5,000 

150 

325 

7 

1,100 

750 

2,3.50 

90 

180 

27 

500 

400 

1,100 

400 

S50 

I 

Start 

1  day. 

2  days 

4  " 

5  " 

6  " 

7  " 

8  " 
II  " 
13  " 
15  " 
18  " 
21  " 
25  " 
32  " 
39  " 
46  " 
53  " 
60  " 
67  " 
74  " 
81  " 
88  " 
95  " 

103  " 

109  " 

116  "  , 

123  " 

131  " 


T.\BLE   4. 
Merrimac  River  W.^ter  to  Which  Was  Added  o.i  per  Cent  of  Lawrence  Sewage. 
(B.  coli  per  c.c.) 


Elapsed  Time 


Copper — Parts  per  100,000 


Control 


Start.... 

1  day. 

2  days 

4  ' 

5  " 

6  " 

7  " 

8  " 
II  " 
13  " 
15  " 
18  " 
21  " 
25  " 
32  " 
39  " 
46  " 
.53  " 
60  " 
67  " 
74  " 
81  " 
88  " 
95  " 

103  " 


101 
6 

47 
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three  days  and  then  decreased  slowly.  In  0.000253  ^.nd  0.00253  a  secondary  increa.se 
in  the  numbers  of  bacteria  was  noted  on  the  88th  and  95th  days  respectively,  but  no 
secondary  increase  of  any  importance  occurred  in  0.0253.  In  0.0253  the  numbers  were 
considerably  reduced  in  24  hours,  but  immediately  increased  to  large  numbers  on 
the  fifth  day,  and  then  slowly  declined.  In  2.53  over  90  per  cent  of  the  bacteria 
were  destroyed  in  24  hours,  and  these  numbers  remained  small  and  gradually  decreased 
throughout  the  experiment,  with  the  exception  of  one  small  secondary  increase  which 
occurred  from  the  15  th  to  the  i8th  day. 

The  B.  coli  in  all  of  the  bottles  fluctuated  considerably,  but  decreased  gradually 
throughout  the  experiment,  and  were  found  in  small  numbers  up  to  the  95th  day  and 
103d  day,  with  the  exception  of  0.253,  from  which  they  disappeared  on  the  67th  day. 
Tests  in  volumes  larger  than  i  c.c.  were  not  made.  The  bacterial  results  are  shown 
in  Table  3,  and  the  B.  coli  results  in  Table  4. 

Experiment  IQJ. — Tap  water  containing  3  per  cent  of  sewage.  Duration  187 
days.  Range  0.0000253  to  25.3.  The  bacteria  in  the  control  increased  until  the 
second  day  and  then  slowly  decreased  during  96  days,  when  a  large  secondary 
increase  occurred,  lasting  through  the  145th  day,  when  a  decrease  again  started.  In 
0.0000253,  °-°oo253,  and  0.00253  the  bacteria  all  follow  much  the  same  laws  as  the 

TABLE  s. 

Lawrence  City  Water  to  Which  Was  Added  3  per  Cent  of  Lawrence  Sewage. 

(Bacteria  per  c.c.) 


Elapsed  Time 


Copper — Parts  per  100,000 


Control 


Start 

i  hour 

1  " 

2  hours 

4  " 

6  " 
8  " 

24  " 

2  days.. 

3  "    •■ 

5  "    •• 

7  "  •■ 
13  "  •■ 
16  "  .. 
21  "  .. 
26  "  .. 
33  "  •• 
40  "  .. 
47  "  •• 
55  "  .• 
61  "  ., 
68  "  .. 
75  "  ■ 
82  "  . 
Bo  "  . 
96  "  . 

103  "  . 

110  "  . 

117  "  . 

124  "  . 

131  "  . 

14s  "  • 

160  "  . 

173  "  • 

187  "  . 


96,400 

93,000 

76,000 

106,500 

92,300 

84,400 

86,400 

1,000,000 

1,100,000 

108,000 

13,400 

7,500 

2,300 

2,400 

800 

3,100 

800 

Soo 

3.400 

480 

230 

190 

225 

300 

75° 

300 

29,100 

75,000 

60,000 

28,600 

22,600 

594,000 

650 

6,600 

T,6oo 


76,400 

123,000 

84,200 

84,000 

95.000 

7  5, 600 

120,000 

1,400,000 

370  000 

44.700 

11,200 

4.300 

5.500 

4,600 

4,800 

6,500 

6,000 

7,700 

3.700 

185 

650 

32s 

310 

4.700 

2,200 

20,000 

3,200 

3,800 

10,400 

1,300 

S-6oo 

1,800 

30,000 

2.750 


92,600 

92,600 

110,800 

132,100 

140,600 

114,500 

1, 150,000 

795,200 

6,400 

32,200 

16,500 

1,000 

5.800 

4,800 

7,200 

2,000 

1,250 

4,600 

2,600 

200 

390 

510 

5SO 

500 

250 

740 

1,500 

475 

590 

.   880 

660 

1,100 

3.500 

700 


44,400 

73.200 

60,200 

73.000 

84,400 

72,500 

1,150,000 

284,000 

324,000 

22,600 

270,000 

4,600 

5,400 

4,000 

6,200 

3.300 

1.700 

2,500 

1,200 

370 

no 

160 

350 

225 

1,150 

1,700 

650 

3.400 

1,200 

600 


725 

650 

5.300 

300 


51,000 

50,000 

31,900 

13,200 

11,000 

8,800 

1,500,000 

1,930,000 

1,420,000 

1,020,000 

475,200 

4,100 

19,500 

11,500 

12,800 

8,500 

5.350 

7,600 

2,400 

440 

850 

1.850 

600 

275 

510 

660 

270 

300 

240 

300 

650 

57 

2,000 


4,800 

2,800 

1,420 

350 

210 

150 

20 

220,000 

990,000 

1,500,000 

276,500 

2,360,000 

73.400 

33.800 

47,000 

26,500 

15.500 

11,800 

162,000 

210,000 

150,000 
88,600 

6,500 
41,000 
37.500 
40,000 
25,000 

7,900 
33.500 

8,000 
47,200 

5.900 


24,200 

7,700 

6,200 

730 

300 

175 


5 

43 

2,400 

6,600 

13.200 

32,000 

IS 

6 

1,080 

6.800 


4,600 

3.100 

530 

130 

80 

70 
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control  both  as  to  increase,  gradual  decrease,  and  a  secondary  increase  after  about 
loo  days.  In  0.0253  ^  primary  increase  and  decrease  of  bacteria  followed  the  normal 
curve,  only  a  slight  secondary  increase  being  noted.  In  0.253  over  99  per  cent  of  the 
bacteria  had  disappeared  in  24  hours,  but  these  increased  to  large  numbers  during 
the  succeeding  week  and  then  slowly  increased  throughout  the  experiment.  In  2.53 
the  bacteria  decreased  over  99  per  cent  in  24  hours,  and  the  numbers  remained  practi- 
cally constant  until  the  seventh  day,  when  an  increase  started  which  lasted  about 
two  weeks,  the  numbers  fluctuating  and  gradually  falUng  off  until  the  water  became 
sterile  on  the  89th  day.  In  25.3  practically  all  of  the  bacteria  were  destroyed  in  24 
hours,  small  numbers  being  occasionally  found  until  the  82d  day,  when  the  water 
became  sterile.     The  bacterial  results  are  shown  in  Table  5. 

Experiment  Ij6. — Water  from  a  stagnant  reservoir.  Duration  three  days.  Range 
0.000253  to  a. 0253.  The  bacteria  in  the  control  and  in  0.000253  decreased,  while  in 
0.00253  ^^d  0-0253  they  increased,  the  greatest  increase  being  noted  in  the  bottle  con- 
taining the  most  copper.     The  bacterial  results  are  shown  in  Table  6. 


TABLE   6. 

Water  from  .Stagnant  Reservoir. 

(Bacteria  per  c.c.) 

Copper — Parts  per  100,000 

Elapsed  Time 

Control 

0.000253 

0.002 S3 

00253 

Start 

120 

no 

34 

13 

210 
55 
31 

400 
1,900 
1,800 

19,000 

12,400 

Experiment  lyy. — Water  from  a  stagnant  reservoir.  Duration  12  days.  Range 
0.00253  to  0.0253.  The  bacteria  in  all  of  the  bottles  followed  the  same  law,  increasing 
rapidly  during  the  first  two  or  three  days  and  then  decreasing  slowly.  The  bacterial 
results  are  shown  in  Table  7. 

TABLE  7- 

Water  from  Stagnant  Reservoir. 

(Bacteria  per  c.c.) 


Elapsed  Time 

Copper — Parts  per  100,000 

Control 

0.002S3 

0.00506 

0.0253 

Start 

3.900 
29,400 
16,000 
10,100 
6,800 
5.000 
4,200 
270 

22  000 

22,900 

16,400 

4,,ioo 

4.700 

10,500 

420 

24,500 
90,200 
40,000 
21,000 

4,000 
32..SOO 

3.600 

24,500 

144,000 

165,600 

10,500 

6,900 

90,000 

2,500 

Experiment  ijg. — Water  from  a  stagnant  reservoir.  Duration  eight  days.  Range 
0.00253  to  2.53.  The  bacteria  in  the  control  fluctuated  somewhat,  but  decreased 
throughout  the  experiment.     In  0.00253  the  numbers  decreased  during  the  first  six 
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days  and  then  showed  an  increase  on  the  eighth  day.  In  0.0253  the  numbers  decreased 
during  the  first  two  days  and  then  increased  largely,  the  same  being  true  with  0.253. 
In  2.53  over  90  per  cent  of  the  bacteria  were  destroyed  in  24  hours,  and  continued 
to  decrease  to  the  sixth  day,  a  large  secondary  increase  being  noted  on  the  eighth  day. 
The  bacterial  results  are  shown  in^  Table  8. 


T.\BLE  8, 

Water  from  Stagn.axt  Reservoir. 

(Bacteria  per  c.c.) 


El.apsed 

TlifE 

Copper 

—Parts  per 

100.000 

Control 

0.00253 

0.0253 

0.253 

2.53 

Start 

300 
3S 
45 

700 
80 

245 

-255 

400 

300 

75 

4,100 

100 

36 

113.600 

10,600 

52,000 

135 

28 

97,200 

1,800 

I, goo 

I  day 

21 
9 

6     "    

8     "    ..    

2,300 

Experiment  i8y. — Water  from  a  stagnant  reser\'oir.  Duration  12  days.  Range 
0.00253  to  2.53.  The  bacteria  in  the  control  increased  slowly  throughout  the  experi- 
ment. In  0.00253  they  increased  during  the  first  three  days,  and  then  fluctuated,  but 
decreased  throughout  the  remainder  of  the  experiment.  In  0.0253  over  90  per  cent 
of  the  bacteria  were  killed  in  24  hours,  but  the  remainder  increased  rapidly  throughout 
the  experiment.  In  0.253  the  bacteria  decreased  during  the  first  two  days  and  then 
increased  largely  until  the  fifth  day,  a  decrease  following  throughout  the  experiment. 
In  2.53  over  95  per  cent  of  the  bacteria  were  killed  in  24  hours,  the  rest  remaining 
practically  constant,  with  the  usual  fluctuations.  The  bacterial  results  are  shown 
in  Table  9. 

TABLE  9. 

Water  from  Stagnant  Reservoir. 
(Bacteria  per  c.c.) 


Elapsed  Time 

COPPER- 

—Parts  per 

100,000 

Control 

0.00253 

00253 

0.253 

2.53 

Start 

265 

230 

1,500 

425 

1,260 

1,118 

4,500 

8,900 

15.S00 

210 
2,500 
11,000 

720 
7,200 

700 

86s 
3.200 

■■■■16 
1,300 
10,400 
38,800 
48,400 
1,900 
51.000 
24,000 

95 

65 

23,200 

442,800 

630,000 

241,900 

75.600 

240,000 

9 

3 

5 
8 

Experiment  18 j. — Driven  well  water  from  Methuen  town  supply.  Duration  133 
days.  Range  0.000253  to  0.253.  There  were  only  31  bacteria  in  this  water  at  the  start. 
In  all  the  samples  a  large  increase  wa^  noted  in  24  to  48  hours.  The  numbers  in  the 
control,  0.000253,  ^^^  000253  remained  practically  constant  after  48  hours  during 
45  days,  after  which  they  began  to  decrease  slowly.     In  0.0253  ^  considerable  decrease 
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occurred  about  the  84th  day,  the  numbers  remaining  low  after  that  time.  In  0.253 
the  numbers  were  below  100  on  the  31st  day  and  continued  low,  with  the  exception 
of  one  count  throughout  the  experiment.     The  bacterial  results  are  shown  in  Table  10. 


TABLE    10. 

Driven  Well  Water  from  Methuen  Town  Supply. 

(Bacteria  per  c.c.) 


Elapsed  Time 


Copper — Parts  per  100,000 


Control 


Start.... 

1  day. 

2  day.s 

3  " 

4  " 

5  " 

7  " 

8  " 
10  " 
12  " 
15  " 
17  " 
19  " 
21  " 
23  " 
25  " 
28  " 
31  " 
35  " 
38  " 
42  " 
45  " 
49  " 
57  " 
6S  " 
70  " 
77  " 
84  " 
91  " 
99  " 

los  " 

112  " 

119  " 

126  " 

133  " 


31 

15.700 

3.240 

1,050 

1.300 

11,800 

14,000 

920 

600 

500 

900 

7.500 

1.500 

S.200 

6,400 

8,000 

430 

4,100 

4.300 

2,500 

335 

1,100 

290 

200 

3.200 

2,400 

1,600 

900 

1,000 

200 

95 

35 

140 

'33 

143 


6,700 

275 

440 

315 

14.500 

675 

9,500 

440 

5.600 

13.S00 

3,600 

7,200 

4.700 

1,600 

9,600 

2,900 

6,500 

3,100 

4,600 

8S 

1,800 

100 

40 

75 

800 

12 

65 

475 

200 

25 

24 

37 


6,300 

19,500 

17,000 

3.S00 

4.700 

13.500 

20,000 

13,800 

16,600 

II, 000 

i7,.5oo 

13,500 

10,600 

4,700 

13,200 

5.600 

5.900 

3.000 

4.300 

3.600 

2,400 

600 

1,600 

2,000 

700 

55 

550 

2,900 

350 

625 

no 

375 

2. SO 

265 


3.700 

27,000 

30,000 

66,000 

181,100 

97,200 

66,000 

9,100 

46,000 

80,600 

33.000 

10,800 

20,600 

n,6oo 

17,600 

14,800 

13,600 

14,800 

12,000 

11,000 

9,200 

5,100 

4,000 

800 

250 

1.700 

10 

165 


300 

53.500 

10,300 

33.600 

55.000 

21,000 

41,600 

1,400 

1,200 

Soo 

100 

3,100 

260 

125 

.  230 
140 

15 
38 

95 
65 


18 
340 


Experiment  164. — 48  hour  broth  culture  of  B.  coli  diluted  i :  10,000  with  sterile 
tap  water.  Duration  six  days.  Range  0.000253  to  253.  The  B.  coli  in  the  control 
decreased  during  the  first  two  days  and  then  began  to  increase.     In  0.000253  about 


T.\BLE   II. 

48  Hour  Broth  Culture  B.  coli  Dh-uted  1:10,000  with  Sterile  Tap  Water. 

(B.  coli  per  c.c.) 


Copper 

— Parts  per  100,000 

Elapsed  Time 

Control 

0.0002 S3 

0.00253 

0.0253 

0.253 

2-53 

253 

253 

1S.400 
2,500 
1,200 
1,600 

25,600 
580,000 

800 

67 

7 

5 

0 

2 
3 
0 
0 
0 

I 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 

0 

0 

6    "    

0 
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50  per  cent  were  killed  in  24  hours,  the  numbers  decreasing  rapidly  until  the  water 
became  sterile  on  the  sixth  day.  In  0.00253  ^^^  00253  ^^^  but  a  few  of  the  germs 
were  killed  in  24  hours,  and  the  water  became  sterile  on  the  third  and  second  days, 
respectively.  In  0.253  to  253  inclusive  all  of  the  test  organisms  were  killed  in  24  hours. 
The  detailed  results  are  shown  in  Table  1 1 . 

Experiment  161. — 48  hour  broth  culture  of  B.  typhosus  diluted  1:10,000  with 
sterile  tap  water.  Duration  three  days.  Range  0.000253  ^o  253  inclusive.  The  test 
organisms  disappeared  from  the  control  in  24  hours.  In  0.000253  ^  large  increase 
was  noted  in  24  hours.  In  0.00253  about  90  per  cent  of  the  organisms  were  destroyed 
in  24  hours,  and  the  water  became  sterile  on  the  third  day.  In  0.0253  to  253  inclusive, 
like  the  control,  the  waters  were  sterile  in  24  hours.  The  detailed  results  are  shown 
in  Table   12. 

TABLE  12. 

48  Hour  Broth  Culture  of  B.  typhosus  Diluted  i  :  10,000  with  Sterile  Tap  Water. 
(B.  typhosus  per  c.c.) 


Elapsed  Time 

Coppes 

— Parts  per  100,00c 

Control 

0.000253 

0.00253 

0.0253 

0253 

2-53 

253 

253 

Start 

3,100 
0 
0 
0 

23,300 
8,400 
21,000 

'48 
2 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Experiment  igi. — 48  hour  broth  culture  of  B.  typhosus  diluted  1:10,000  with 
sterile  tap  water.  Duration  28  days.  Range  0.000253  to  0.253.  The  test  organisms 
in  the  control  dropped  off  gradually  from  115,000  at  the  start  to  only  four  organisms 


T.\BLE    13. 

24  Hour  Broth  Culture  of  B.  typhosus  Diluted  i  :  10,000  with  Sterile  Tap  W.ater. 

(B.  typhosus  per  c.c.) 


Elapsed  Time 


Copper — Parts  per  100,000 


Control 


Start.... 
^  hour. 

1  "  . 

2  hours 

4  " 
6  " 
8   " 

24   " 

2  days. 

3  "  ■ 

5  "  ■ 

6  "  . 

7  "  • 

8  "  . 

9  "  • 
10   "  . 

12  "  . 

14  "  . 

16  "  . 

20  "  . 

22  "  . 

28  "  . 


115,500 

71,000 

100,800 

47,000 

25,000 

3.000 

2,800 

770 


52,000 

420,000 

260,000 

230,000 

220,000 

80,000 

260,000 

118,800 

86,400 

61,200 

72,100 

237,000 


234,000 

90,000 

30,000 

4,800 

900 

770 

5 

6,300 

240 

1,100 

22,000 

54,000 

47,000 

35.000 

30,000 

29,000 

42,000 

36,000 

12,300 

24,200 

16,000 


14,500 
19s 
8s 


+  * 


+  * 
6.52s 


+  * 
+  * 
+  * 
4-* 
+  * 


6,500 

1,000 

65 

18 


+  * 

I 
+  * 
+  * 
+  * 
+  t 


520 

•  24 

26 

I 

+  * 
+  * 

-i-* 
+  * 
+  * 
+  t 


*i   c.c.  =  o,  10  c.c.=  +. 


ti-io  c.c.  =  o,  100  c.c.  =  4-. 


Xi,   10  and  100  c.c. 
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on  the  third  day,  and  then  increased  rapidly  to  over  400,000  on  the  sixth  day,  after 
which  they  decreased  slowly  throughout  the  experiment.  The  same  phenomenon 
was  noted  in  0.000253,  the  bacteria  dropping  off  to  five  individuals  in  24  hours,  after 
which  thev  increased  to  over  54,000  on  the  seventh  day,  and  then  gradually  decreased. 
In  0.002 :;3  the  organisms  were  destroyed  rapidly,  about  90  per  cent  being  killed  during 
the  first  hour,  and  in  24  hours  it  required  10  c.c.  of  the  water  to  detect  the  test  organism . 
On  the  second  day,  however,  the  organisms  had  increased,  and  small  numbers  were 
present  until  the  12th  day.  From  the  14th  to  28th  days  B.  typhosus  was  not  found 
in  I  c.c,  but  was  present  in  10  c.c.  In  0.0253  over  90  per  cent  of  the  organisms  were 
destroyed  in  30  minutes,  and  nearly  all  had  disappeared  in  six  hours.  From  the 
second  to  fifth  days  the  organism  was  found  present  in  10  c.c,  and  on  the  sixth  day 
it  was  found  present  in  100  c.c,  the  water  becoming  sterile  on  the  seventh  day.  In 
0.253  over  95  per  cent  of  the  organisms  disappeared  in  the  first  30  minutes  and  the 
decrease  was'so  rapid  that  after  six  hours  it  required  10  c.c.  of  the  water  to  obtain 
a  positive  test.  The  organism  was  found  continuously  in  10  c.c  through  the  fifth 
dav,  and  was  found  in  100  c.c.  on  the  sixth  day,  the  water  becoming  sterile  on  the 
seventh'day.     The  detailed  results  are  shown  in  Table  13. 

Experiment  194. — 24  hour  broth  culture  of  B.  typhosus  diluted  1:500  with  sterile 
tap  water.  Duration  10  days.  Range  0.0000253  to  2.53.  In  this  experiment  the 
typhoid  bacilli  were  added  to  the  water  as  a  broth  culture,  and  the  water  in  the  various 
bottles  was  allowed  to  stand  four  days  before  adding  copper,  the  idea  being  that  the 
organisms  would  have  become  in  a  measure  inured  to  their  new  environment  before 
thev  were  subjected  to  the  action  of  the  copper  sulphate.     The  numbers  of  B.  typhosus 


TABLE    14. 

24  Hour  Broth  Culture  of  B.  typhosus  Diluted  1:500  with  Sterile  Tap  Water  and  Allowed 
TO  Stand  Four  Days  before  Adding  Copper  Sulphate. 
(B.  typhosus  per  c.c.) 


Before  Adding  Copper 

Elapsed  Time 

i 

A 

B 

C 

D 

E 

F 

G 

H 

Start 

1  day 

2  days 1 

1,280,000 
450,000 
1,080,000 
2,200,000 
3,000,000 

1,200,000 

200,000 

79,200 

210,000 

313,200 

1,200,000 

120,000 

28,500 

75,600 

118,800 

1,200,000 

104,400 

59.000 

75,600 

85,200 

1,200,000 
200,000 

93. ''OO 
165,600 
777.600 

1,280,000 
420,000 
1,090,000 
1,850,000 
2,500,000 

1,280,000 

480,000 

950,000 

2,430,000 

2,430.000 

1,280,000 
300,000 
940,000 

2,200,000 

4     "     

73.000 

COPPH 

R    ADDED — PARTS    PER    lOO.OOO. 

Elapsed  Time 

Control 

Duplicate 
Control 

0.0000253 

0.000253 

0.00253 

0.0253 

0.253 

2-53 

149,100 

183,600 

159,800 

175.000 

205,200 

604,800 

1,040,000 

1,120,000 

330,000 

10,300,000 

70,000 

239,000 

72,000 

149,000 

100,400 

576,00c 

1,980,000 

1,200,000 

14,400,000 

9,360,000 

250,000 

399,600 

520,100 

626,400 

748,400 

1,101,600 

3,700,000 

2,520,000 

2,200.000 

4,500,000 

3,100,000 

1,650,000 

2,099,500 
1,120,000 
1,657,500 
4,406,400 
2,814,000 
4,200,000 
2,750,000 
2,450,000 
3,000,000 
2,060,000 
1,300,000 

1,887.600 

1,358,500 

640,000 

323,800 

48,800 

4 
0 
0 
0 

34tOOO 

27,500 

2,225 

142 

6      " 

15 

»4."    

2  days 

3,400,000 
2,750.000 

265.000 
2,200,000 
1,300,000 

902,900 
2,000,000 
3,000,000 
4,400,000 
4,600,000 
2,230,000 

I 
0 
0 
0 

8    " 
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during  these  four  days  increased  in  four  of  the  bottles  and  decreased  more  or  less  in 
the  other  four.  In  the  two  bottles  which  were  retained  as  controls  the  B.  typhosus 
continued  to  increase  during  the  10  days  they  were  under  observation,  the  same 
being  true  of  the  waters  containing  copper  0.0000253,  o-ooo253,  and  0.00253.  ^^ 
the  water  containing  copper  0.0253  the  numbers  of  B.  typhosus  remained  practically 
constant  during  the  10  days.  In  0.253  ^"^  2.53  the  numbers  fell  off  rapidly,  being 
practically  all  eliminated  in  24  hours,  and  the  waters  becoming  sterile  in  48  hours. 
Tests  were  not  made  in  volumes  larger  than  i  c.c.  in  this  experiment.  The  detailed 
results  are  shown  in  Table  14. 

EXPERIMENTS   WITH   METALLIC   COPPER. 

Experiment  775. — 18.5  liters  of  Merrimac  River  water  in  copper  dish.  Control 
in  a  stone  crock.  Exposed  copper  area  3,200  square  c.c.  Duration  20  days.  The 
bacteria  in  the  control  increased.  The  bacteria  in  the  copper  dish,  with  the  exception 
of  one  slight  increase,  fell  off  gradually. 

The  B.  coll  in  the  control  were  found  in  i  c.c.  on  the  eighth  day  and  in  100  c.c. 
on  the  15th  day.  In  the  copper  dish  the  B.  coli  disappeared  from  100  c.c.  on  the 
third  day.  The  bacterial  results  are  shown  in  Table  15  and  the  B.  coli  results  in 
Table  16. 

Experiment  iy8. — -18.5  liters  of  tap  water  containing  10  per  cent  of  sewage  in 
a  copper  dish.  Control  in  a  stone  crock.  Exposed  copper  area  3,200  square  c.c. 
Duration  76  days.     Copper  absorbed  0.46  parts  per  100,000  (87  days).     The  bacteria 

TABLE   IS. 
(Bacteria  per  c.c.) 


Elapsed  Time 


Experiment  175 
Merrimac  River  Water 


Control  in 
Stone  Crock 


Copper  Dish 


Experiment  178 

Tap  Water  Containing  10  per 
Cent  of  Sewage 


Control  in 
Stone  Crock 


Copper  Dish 


Start. . . 

1  day  . 

2  days 

3  " 

4  " 
6  " 
8  " 

10  " 

13  " 

15  " 

17  " 

20  " 

22  ' 

24  " 

28  " 

30  "• 

32  " 

34  " 

36  " 

38  " 

41  " 

44  " 

48  " 

55  " 

62  " 

70  " 

76  " 


1,400 

9-30O 

11,000 

488,500 

1,114,000 

704,900 

16,200 

107,000 

125,000 

307,000 

414,000 

1,490,000 


1,400 

1,500 

17.300 

337 

1,600 

3,100 

95 

180 

85 

8s 

30 

37 


320,000 

1,950,000 

2,980,000 

470,000 

350,000 

12,000 

12,000 

1,230,000 

IIQ.OOO 

73.400 

77,800 

300,000 

73.000 

240,000 

180,000 

230,000 

180,000 

118,800 

29,000 

168,500 

55,000 

86,400 

101,500 

174,200 

93,600 

172.800 

350,000 


390,000 

1,440,000 

3,430,000 

2,690,000 

250,000 

420,000 

69,000 

210,000 

30,000 

26,500 

39.000 

39.000 

20,000 

4,000 

12.300 

5,000 

4.500 

2,800 

3.000 

2,700 

2,500 

2,400 

3.000 

1. 100 

200 

100 

3 
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TABLE    i6. 
(B.  coli  per  c.c.) 


Elapsed  Time 


Experiment  175 
Merrimac  River  Water 


Control  in 
Stone  Crock 


Copper  Dish 


Experiment  178 


Tap  Water  Containing  10  per 
Cent  of  Sewage 


Control  in 
Stone  Crock 


Copper  Dish 


Start 

1  day 

2  days 

3  "   

4  "   

6    "   

8    "    

10    "   

13     "   

IS     "    

17     "    

20     "    

22     "    

24     "    

*i  c.c.  =  o,  IOOC.C.=  + 


S 

+* 
+* 
+* 

ot 
ot 


ot 
ot 
ot 
ot 
ot 
ot 


ot 

ot 
ot 
ot 
ot 


5.000 
SSO 
100 


tioo  c.c.  =  c 


in  the  control  were  practically  constant  throughout.  The  bacteria  in  the  copper  dish 
increased  rapidly  and  then  slowly  decreased  until  the  water  was  practically  sterile 
on  the  76th  day. 

The  B.  coli  decreased  rapidly  in  both  cultures.  In  the  control  it  was  found  in 
I  c.c.  on  the  13th  day,  but  disappeared  from  100  c.c.  on  the  15th  day.  In  the  copper, 
B.  coli  were  found  in  small  numbers  on  the  20th  day,  five  days  after  they  had  com- 
pletely disappeared  from  the  control.  The  bacterial  results  are  shown  in  Table 
15  and  the  B.  coli  results  in  Table  16. 

Experiment  l8j. — 18.5  liters  of  Merrimac  River  water  in  a  copper  dish,  with 
control  in  an  enameled  dish.  Exposed  copper  area  2,900  square  c.c.  Duration 
71  days.  Copper  absorbed  0.30  parts  per  100,000.  Bacteria  drop  off  gradually  in 
both  copper  and  control,   both  becoming  practically  sterile  at  end  of  experiment. 

B.  coli  were  found  in  i  c.c.  of  the  control  on  the  17th  day  and  in  100  c.c.  on 
the  28th  day,  disappearing  on  the  30th  day.  In  the  copper,  B.  coli  were  found  in 
small  numbers  up  to  the  sixth  day,  but  disappeared  from  100  c.c.  on  the  eighth  day. 
The  bacterial  results  are  shown  in  Table  17  and  the  B.  coli  results  in  Table  18. 

Experiment  200. — 17.3  liters  of  Merrimac  River  water  in  a  copper  dish  with 
control  in  an  enameled  dish.  Exposed  copper  surface  2,900  square  c.c.  Duration 
64  days.  Copper  absorbed  i.o  part  per  100,000  (78  days).  Bacteria  in  both  control 
and  copper  dish  decrease  gradually,  the  decline  in  the  copper  dish  being  more  rapid. 
The  contents  of  the  copper  dish  were  sterile  on  the  55th  day,  and  in  the  control  only 
a  few  bacteria  remained  alive. 

B.  coli  were  found  in  the  c  ontrol  in  i  cc.  as  late  as  the  20th  day,  but  disappeared 
from  100  c.c.  on  the  28th  day.  In  the  copper,  B.  coli  disappeared  from  i  c.c.  on 
the  fourth  day,  but  were  found  in  100  c.c.  as  late  as  the  34th  day,  six  days  after  they 
had  disappeared  from  the  control.  The  bacterial  results  are  .shown  in  Table  17  and 
the  B.  coli  results  in  Table  18. 
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TABLE   17. 
(Bacteria  per  c.c.) 


Elapsed  Time 


Experiment   183 
Merrimac  River  Water 


Control  in 
Enameled  Dish 


Copper  Dish 


Experiment  200 
Merrimac  River  Water 


Control  in 
Enameled  Dish 


Copper    Dish 


Start 

i    hour. 

1  "    . 

2  hours.. 
4 


2  days. 
3 
4 
6 


13 
IS 
17 
20 
23 
28 
30 
34 
42 
48 
55 
64 
71 


800 

700 

400 

800 

1,300 

1,044 

7,700 

103 

164 

245 

250 

27S 

180 

792 

20 

2,59° 

100 

260 


Soo 
490 
13s 
200 
65 
120 

'763 
133 
156 
no 

25 


11,000 
12,300 
11,200 
10,800 

11,000 

12,000 

20,000 

16,000 

6,500 

12,000 

1,200 

5. 500 

5.400 

12,800 

300 


46 


6s 
6 


10,500 

16,500 

11,500 

7.300 

7,200 

6,000 

3.800 

104 

400 

200 

42 

133 

40 

IS 

7 


TABLE    18. 
(B.  coli  per  c.c.) 


Elapsed  Time 


Start 

i    hour. 

1  "    . 

2  hours.. 
4      "    • 
6      "    .. 
8      "    .. 

24      "    •• 
2  days. 
3 


13 

IS 
17 
20 
23 
28 
30 
34 
42 
48 


Experiment   183 
Merrimac  River  Water 


Control  in 
Enameled  Dish 


+  * 
+  * 
ot 
ot 


Copper  Dish 


ot 
ot 
ot 
ot 


Experiment  200 
Merrimac  River  Water 


Control  in 
Enameled  Dish 


91 

118 
118 
120 


105 

52 


+  * 
+  * 


ot 

ot 


Copper  Dish 


146 
114 

97 

96 

63 

In 

+  * 

+  * 


+  * 


+  * 
+  * 


+  * 


ot 
ot 


''i  c.c.  =  o,  100  c.c.=  +. 
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Experiment  182. — Three  glass  vessels  containing  respectively  18. g  liters  of  Mer- 
rimac  River  water,  effluent  from  a  sewage  filter,  and  driven  well  water.  2,200 
square  c.c.  of  copper  surface  were  inserted  in  each  in  the  form  of  thin  sheets.  Duration 
seven  days.  Copper  absorbed  by  river  water  0.062,  by  sewage  effluent  1.822,  by 
driven  well  water  0.035.  The  bacteria  in  all  samples  increased.  The  bacterial 
results  are  shown  in  Table  19. 

Experiment  186. — Duplicate  of  Experiment  182.  Duration  14  days.  Copper 
absorbed  by  river  water  0.082,  by  sewage  effluent  2.400,  by  well  water  0.047.  The 
numbers  of  bacteria  in  the  river  water  showed  only  small  fluctuations.  In  the  sewage 
effluent  the  bacteria  decreased  about  85  per  cent  until  the  fifth  day,  and  then  increased 
until  the  13th  day.  The  bacteria  in  the  well  water  increased  to  a  maximum  on  the 
loth  day  and  then  slowly  decreased.     The  bacterial  results  are  shown  in  Table  19. 


TABLE   19. 

Water  in  Glass  Vessels  Containing  Sheets  of  Metallic  Copper. 

(Bacteria  per  c.c.) 


Experiment  i 

82 

Experiment  186 

Elapsed  Time 

Merrimac 
River 
Water 

Effluent 
Sewage 
Filter 

Driven 
Well 
Water 

Merrimac 
River 
Water 

Effluent 

Sewage 

Filter 

Driven 
Well 
Water 

Start                 

1,600 
1,500 
1,600 
2,000 
7.500 
21,000 
4,400 
S.ooo 

14,500 

972 

4.300 

1,100 

32.500 

142,000 

22,000 

10,800 

900 

443 

3.400 

12,300 

6.17s 

30,000 

5,110 

21,600 

2,400 
525 
545 
340 

3,500 
655 
240 
720 
900 
700 

6,000 

2,400 
58s 
575 

3,200 

2,000 

245 

345 

240 

370 

1,800 

1,420 

1,800 

11,200 

6.87s 

12,000 

8,000 

63,000 

60,000 

4.750 

lOS 

I  day ^  . .  . . 

375 
560 

87,300 

6     '*    

78,100 

60,000 

8     "    

100,000 

12     "    

70,000 
72,000 

Experiment  184. — 48  hour  broth  culture  of  B.  coli  tliluted  i :  10,000  with  sterile 
tap  water  in  a  copper  dish,  with  control  in  an  enameled  dish.  18.5  liters  of  water. 
Copper  surface  2,900  square  c.c.  Duration  six  days.  Copper  absorbed  0.50  parts 
per  100,000  (sterilized  in  dish  and  stood  12  days).  B.  coli  in  the  control  show  a  normal 
increase.  In  the  copper  over  99  per  cent  died  out  in  24  hours,  but  a  few  were  alive 
on  the  sixth  day.     The  detailed  results  are  shown  in  Table  20. 

Experiment  189. — 48  hour  broth  culture  of  B.  coli  diluted  1:10,000  with  sterile 
tap  water  in  a  copper  dish,  with  a  control  in  an  enameled  dish.  18.5  liters  of  water. 
Copper  surface  2,900  square  c.c.  Duration  12  days.  Copper  absorbed  0.68  parts 
per  100,000  (21  days).  B.  coli  in  control  show  a  normal  increase.  In  copper  the 
numbers  remained  practically  constant  during  five  days,  the  test  organisms  being 
found  in  one  c.c.  on  the  eighth  day,  but  having  disajipcared  from  that  volume  on  the 
loth  day.     The  detailed  results  are  shown  in  Table  20. 
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TABLE    20. 
I  Hour  Broth  Culture  of  B.  coli  Diluted  1:10,000  with  Sterile  Tap  Water. 
(B.  coli  per  c.c.) 


Elapsed  Time 


Experiment  184 


Control  in 
Enameled  Dish 


Copper  Dish 


Experiment  iS 


Control  in 
Enameled  Dish 


Copper  Dish 


Start.... 

2  hours.' 

4      "    • 

6      "    . 

8      "     . 
24      "    . 

2  days.. 

3 

4 

S 

6 


370,000 
750,000 
320,000 
340,000 
440,000 
750,000 
390,000 
4,300,009 

1,570,000 
4,700,000 


350,000 
550,000 
450,000 
500,000 
159,800 
735 


430,000 

700.000 

118,800 

275,300 

260,000 

21,000 

77,800 

479,300 

2,851,200 

3.800,000 

1,430.000 

392,100 

2,750,000 

450.000 


360,000 

420,000 

98,000 

110,200 

350,000 

9,500 

190,800 

2,100,000 

180,000 

539.600 

400 


Experiment  igg. — 48  hour  broth  culture  of  B.  coli  diluted  i :  10,000  with  sterile 
tap  water  in  a  copper  dish,  with  control  in  an  enameled  dish,  ig  liters  of  water. 
Copper  surface  3,050  square  c.c.  Duration  62  days.  Copper  absorbed  0.54  parts 
per  100,000  (72  days).  The  numbers  of  B.  coli  in  the  control  remained  practically 
unchanged  during  62  days.  In  the  copper  over  99  per  cent  of  the  organisms  were 
killed  in  24  hours,  and  it  required  10  c.c.  to  give  a  positive  for  the  organisms  on  the 
second  and  third  days.     On  the  fourth  day  a  secondary  increase  commenced,  and 


TABLE  21. 
Hour  Broth  Culture  of  B.  coli  Diluted  1:10,000  with  Sterile  Tap  Water. 
(B.  coU  per  c.c.) 


Elapsed  Time 


Control  in 
Enameled  Dish 


Start. 


i    hour. 
I 

2  hours. 
4  "  • 
6  "  . 
8  "  . 
24  "  • 
2  days. 
3 


27 
33 
40 
47 

54 
62 


280,000 
280,000 
380,000 
360,000 
240,000 
291,600 
147,600 
111,600 
146,900 
1,026,000 
852,000 
639,000 
410,000 
1,560,000 
1,000,000 
170,000 
46,100 
229,000 
990,000 
400,000 
520,000 
100,000 


Copper  Dish 


440,000 

380,000 

290,000 

300,000 

78,400 

68,400 

10,500 


+* 


*i  c.c.  =  o,  10  c.c.=  +. 


ti  and  10  c.c.  =  o,  100  c.c.=  +. 


ti,  10.  and  loo  c.c.  =  o. 
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on  the  eighth^day  the  number  of  B.  coH  had  increased  to  4,900.  On  the  loth  day  a 
decline  was  noted.  From  the  13th  to  the  27th  day  the  organism  was  found  in  10  c.c, 
but  disappeared  from  100  c.c.  on  the  33d  day.  The  detailed  results  are  shown  in 
Table  21. 

Experiment  igo. — 48  hour  broth  culture  of  B.  typhosus  diluted  i :  10,000  with 
sterile  tap  water  in  a  copper  dish,  with  control  in  an  enameled  dish.  18.5  liters  of 
water.  Copper  surface,  2,900  square  c.c.  Duration  three  days.  The  numbers  of 
B.  typhosus  in  the  control  decreased  rapidly,  over  99  per  cent  having  disappeared 
in  three  days.  In  the  copper  the  same  rapid  decrease  was  noted,  over  99  per  cent  of 
the  organisms  having  disappeared  in  six  hours,  and  practically  all  in  eight  hours.ft 
After  24  hours  the  organism  was  not  found  in  i  c.c,  but  was  detected  in  100  c.c. 
and  on  the  second  day  it  had  disappeared  from  100  c.c.  The  detailed  results  are 
shown  in  Table  22. 

TABLE    22. 
48  Hour  Broth  Citlture  of  B.  typhosus  Diluted  i  :  10,000  with  Sterile  Tap  Water 
(B.  typhosus  per  c.c.) 


Elapsed  Time 

Control  in 
Enameled  Dish 

Copper  Dish 

Start 

180,000 

200.000 

47,000 

26,500 

300 

2,000 

1,800 

2,000 

330 

no 

93,600 
39.000 
14,500 

2  hours 

6     "     

8     "     

+ 

+* 

ot 

ot 

'i-io-ioo  c.c. 


ti-io  c.c.  =  0,   IOOC.C.  =  +. 


COMPARISON  OF   COPPER  AND   COPPER   SULPHATE   WITH   OTHER 
METALS    AND   SALTS. 

In  the  following  digest  of  experiments,  the  various  bottles  of 
experiments  with  ferrous  sulphate  and  aluminum  sulphate,  are 
designated  by  the  amount  of  iron  or  aluminum  present,  in  parts 
per  100,000. 

Experiment  210. — Merrimac  River  water  treated  with  ferrous  sulphate.  Range 
0.002  to  2.01.  Duration  131  days.  The  bacteria  in  the  control  increased  during  the 
first  24  hours  and  then  gradually  decreased  until  the  i  i6th  day,  when  a  small  secondary 
increase  occurred.  In  .002  the  increase  in  24  hours  was  larger  than  in  the  control, 
after  which  the  numbers  decreased  steadily  throughout  the  period  of  observation. 
In  2.01  over  95  per  cent  of  the  bacteria  were  destroyed  in  24  hours,  but  those  remaining 
were  able  to  increase  steadily  until  the  sixth  day,  after  which  a  decline  set  in,  lasting 
till  the  109th  day.     A  slight  secondary  increase  began  about  the  ii6th  day. 

B.  coli  were  found  in  gradually  decreasing  numbers  in  the  control  until  the  95th 
day,  and  in  .002  until  the  88th  day.     In  2.01  the  B.  coli  were  nearly  all  destroyed  in 
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TABLE   23. 

Merrimac  River  Water  to  Which  Was  Added  o.i  per  Cent  of  Lawrence  Sewage. 

(Bacteria  per  c.c.) 


Elapsed  Time 

Iron — Parts  per1ioo,ooo 

Control 

0.002 

2.01 

Start 

17,000 

72,500 

64,800 

35.000 

10,700 

17.S00 

12,000 

2,200 

11,000 

8,900 

8,000 

6,200 

3.300 

600 

390 

190 

no 

95 

65 

75 

170 

21 

140 

120 

38 

55 

1,100 

1,100 

500 

123,500 

86,400 

13.300 

10,500 

36,000 

12,500 

61,400 

10,800 

1,200 

3.700 

5.000 

900 

1,600 

no 

20s 

24s 

90 

90 

no 

75 

57 

no 

12 

8 

100 

180 

375 

170 

Soo 
1,300 
8,500 
7.300 
83,000 
6,550 

6  "  

8  "  

9,500 
9.500 
7.400 

18  " 

1,440 
350 
410 
305 
260 

46  "  :::::::::::::' 

60  " 

95 

46 

250 

28 

67  " 

81  " 

88  "  

8s 
67 
18 

80 

116  "  

700 
275 

T.\BBE   24. 
Merrimac  River  Water  to  Which  Was  Added  0.1  per  Cent  of  Lawrence  Sewage. 

(B.  coli  per  c.c.) 


Elapsed  TijtE 


Start 

1  day. 

2  days 

4  " 

5  " 

6  "  , 

7  "  . 

8  " 
II  " 
13  "  • 
IS  "  • 
18  "  . 
21  "  . 
25  "  • 
32  "  • 
39  "  ■ 
46  "  . 
53  "  ■ 
60  "  . 
67  "  . 
74  "  • 
81  "  . 
88  "  . 
95  "  • 

103  "  . 


Iron — Parts  per  100,000 


Control 


5 
3 

2 

+  * 
I 

+* 


+* 
+* 
+  * 
+* 
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24  hours,  the  organism  being  detected  in  i  c.c.  up  to  the  fifth  day,  and  in  10  c.c. 
up  to  the  13th  day.  The  bacterial  resuhs  are  shown  in  Table  23,  and  the  B.  coli 
results  in  Table  24. 

Experiment  218. — Merrimac  River  water  treated  with  ferrous  sulphate.     Range 
0.020  to  20. r.     The  e.xperiment  was  not  complete  when  this  was  written. 


TABLE    25. 

Merrimac  River  Water. 

(Bacteria,  per  c.c.) 


Elapsed  Time 

Iron — Parts  per  100,000 

Control 

0.020 

0.201 

2.01 

20. 1 

Start... 

600 
1,300 

600 
4.900 

20,000 

7,700 

7,500 

2,100 

3.800 

2,200 

300 

140 

230 

16 

38 

21 

II 

35 

46 

108 

IS 

42s 

Soo 

2,400 

12,900 

2,000 

2,000 

300 

37S 

1,400 

230 

250 

75 

50 

70 

51 

10 

12 

12 

6s     . 
26 

700 

44 

900 

8,800 

9.700 

1,600 

1,400 

27S 

800 

70 

120 

47 

130 

35 

47 

50 

36 

32 

37 

19 

300 

8s 

1,500 

2,?00 

1,400 

2,000 

15,400 

2,000 

2,800 

1,100 

600 

325 

190 

65 

31 

22 

17 

II 

72 

49 

250 

130 

1,700 

2  days 

9,100 

400 

SO 

0 

18 

600 

14 

5 

23 

18     "    

28     "    

35     "    

29 
16 

S6     "    

63     "    

37 

S2 

30 
30 
28 

78     "    

84     "    

TABLE   26. 

MERRiM..ic  River  Water. 

(B.  coli  per  c.c.) 


Elapsed  Time 

Iron — Parts  per  100,000 

Control 

0.020 

0.201 

2.01 

20. 1 

Start 

20 

26 
8 

19 
7 
3 
0 
3 
4 

II 
0 
0 
0 

IS 

12 
3 
7 
I 

10 
8 
0 
0 

15 

23 
9 
4 
4 
7 
0 
0 

16 
I 
2 
0 
6 
0 
3 
9 
4 
S 

II 
0 

IS 

'6 
9 

IS 
6 
0 
0 
2 

1 
2 
0 
0 
3 
4 
I 
0 
0 

16 
4 
0 

14 

2 
6 
20 
II 

0 
14 

6 

10 
0 
0 
0 

II 
2 
I 
0 

16 
6 
I 

IT 

3 
3 
4 
4 
3 
8 
0 

2  days 

II     "    

7 
0 
0 
0 
0 
3 
5 
I 
0 
10 

18     "    

28     "    

35     "    

S6     "    

63     "    

70     "    

78     "    

84     "    
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The  bacteria  in  all  the  bottles  increased  steadily  for  a  few  days,  then  decreased 
slowly.  The  maximum  was  reached  in  the  control,  0.020,  and  20.1  on  the  fifth  day, 
in  0.201  on  the  ninth  day  and  in  2.01  on  the  nth  day.  B.  coli  were  found  in  small 
numbers  as  late  as  the  78th  day  in  the  control,  on  the  91st  day  in  the  waters  which 
had  been  treated.  The  bacterial  results  are  shown  in  Table  25  and  the  B.  coU  results 
in  Table  26. 

Experiment  Ij8. — Merrimac  River  water  treated  with  sulphate  of  alumina. 
Range  0.134  to  0.537.  Duration  four  days.  The  bacteria  in  all  samples  were  reduced 
during  the  first  24  hours,  and  then  began-  to  increase  about  the  third  or  fourth  day. 
The  results  are  shown  in  Table  27. 


TABLE   27. 

Merrimac  River  Water. 

(Bacteria  per  c.c.) 


Alumina 

— Parts  per 

100,000 

Elapsed  Time 

Control 

0.134 

0.269 

0.403 

O.S37 

Start 

Q50 

800 
20s 

1,200 

20 

143 

248 

400 

2,800 

25s 
120 
176 
790 
3.800 

no 

55 

iSS 

10 

20,000 

145 

95 

2  days 

70 
2,800 

4,700 

Experiment  i6j. — Merrimac  River  water  treated  with  sulphate  of  alumina. 
Range  0.134  to  0.537.  Duration  11  days.  The  bacteria  in  the  control  increased 
to  a  maximum  on  the  third  day  and  then  decHned.  In  all  of  the  treated  samples  the 
bacteria  were  much  reduced  on  the  second  day,  but  all  showed  a  material  increase 
from  the  third  to  the  seventh  days. 

The  B.  coH  results  in  this  experiment  are  interesting,  showing  the  occasional 
appearance  of  considerable  numbers  in  all  treated  samples  at  intervals,  with  inter- 
mediate periods  when  the  test  organism  was  not  detected.  This  phenomenon  was 
probably  due  to  errors  in  sampling  caused  by  the  precipitated  aluminum  hydrate, 
and  would  indicate  that  the  B.  coU  were  able  to  live  in  the  precipitate  and  perhaps  to 
increase.  The  bacterial  results  are  shown  in  Table  28  and  the  B.  coU  results  in 
Table  29. 

TABLE  28. 

Merrimac  River  W.^ter. 

(Bacteria  per  c.c.) 


Elapsed  Time 

Alumin.a — Parts  per  100,000 

Control 

0.134 

0.269 

0.403 

0.537 

Start 

i.4.';o 
176,400 
321,900 
430,000 
129,000 

7,700 

4,900 

5SO 

11,200 

25,800 

3,200 

1.600 

3,200 

290 

11,400 

4,600 
40,000 
26,300 
30,500 

800 
no 
1,050 
1,700 
S.900 
3.000 
41.400 

1,900 

125 

ISS 

260 

7S,6oo 

2S.SOO 

28,200 
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TABLE  29. 

Merrimac  River  Water. 

(B.  coK  per  c.c.) 


Elapsed  Time 

Alumina — Parts  per  icx>,ooo 

Control 

0  134 

0. 269 

0.403 

O.S37 

Start 

36 
6 
95 
6S 
20 
25 
II 
0 

0 
II 

I 
0 
0 
35 
b 

0 
20 
16 

0 

0 
63 

0 

0 
0 
0 
22 
0 
40 
21 

25 

114 

Note. — The  occasional  appearance  of  B.  coli  was  probably  caused  by  imperfect 
sampling  due  to  the  precipitated  hydrate  of  alumina. 

Experiment  2og. — 1,000  c.c.  of  Merrimac  River  water  were  placed  in  each  of 
si.x  jars,  and  thin  sheets  of  copper,  aluminum,  lead,  zinc,  tin,  and  iron  were  inserted 
in  each  of  si.x  jars  respectively,  the  seventh  being  retained  as  a  control.  Exposed 
metal  surface  625  sr^uare  c.c.  Duration  132  days.  The  bacteria  in  the  control  showed 
a  steady  decrease  after  the  first  24  hours.  With  the  copper,  the  bacteria  decreased 
during  the  first  24  hours,  and  then  increased  to  a  maximum  on  the  eighth  day,  dropping 

T.\BLE   30. 

Merrimac  River  Water. 

(Bacteria  per  c.c.) 


Elapsed  Time 

Start 

4  hours 

8  "   

24  "   

2  days 

3  "  

4  "  

6  "  

8  "  

10  "  

13  "  

IS  "  

17  "  

20  "  

23  "  

27  "  

34  "  

41  "  

48  "  

55  "  

62  "  

69  •'  

76  "  

83  "  

90  "  

97  "  

»os  "  

Ill  "  

118  "  

I2S  "  

T.^2  "  


Control 


Copper 


Aluminum 


I^ad 


Zinc 


Block  Tin 


Iron 


10,000 

11,000 

19,200 

9,700 

2,500 

800 

800 

1,000 

1.450 

250 

no 

125 

23 
250 
180 

43 

t8o 

290 

225 

260 

200 

160 

3  SO 

ISO 

125 

35 

75 

23 

38 


75, 600 
700 
180 
430 

75.600 
850 

360,000 

673,000 

97,200 

181,500 

108,000 

51,000 

59.000 

31.S00 

o 

310 


14,600 

11,000 

15.500 

8,500 

7,000 

5,000 

1,200 

600 

900 

ISO 

120 

6S 

100 

8S 

9 

8 

55 

10 

100 

35 

5 


65 

40 

60 

3 


18,000 

12,700 

9.300 

2,900 

4,500 

24,000 

33,000 

30,800 

38,300 

2,000 

2,000 

21,400 

21,250 

22,500 

22,100 

800 

1,100 

1, 200 

490 

400 

130 

20 
10 


180 

500 

7 

19 


9,000 

4,100 

6,200 

5,200 

11,000 

14,500 

5,500 

28.500 

4.050 

650 

950 

450 

65 


7S.6oo 

15,200 

24,000 

14,000 

6,700 

4.300 

I.7SO 

1,700 

900 

700 

50 

55 

los 

45 

90 

43 

12 

43 

720 

770 

60 

70 

SSO 

375 

130 

3 10 

3.50 

350 

75 

360 

52 


7,700 

18,000 

14,700 

S.500 

7.300 

1,400 

600 

65 

62 

29 

20 

80 

300 

no 

230 

10 

360 

175 

430 

60 

60 

80 

42 

47 

no 

720 

1 30 

75 

36 

100 

8S 
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TABLE   31. 

Merrimac  River  Water. 

(B.  coli  c.c.) 


Elapsed  Time 

Start 

4  hours 

8      "    

24      "    

2  days 

3  "    

4  "    

5  "    

8     "    

10     "    , 

13     "    

IS     "    

17     "    

20     "    

23     "    

27     "    

34     "    

41     "    

48     "    

55     "    

62     "    

60     "    

76     "    

83     "    

90     "    

07     "    

105     "    


Control 


Copper      Aluminum 


Lead 


Zinc 


Block  Tin 


Iron 


18 
38 


off  slowly  till  the  23d  day.  With  the  aluminum  there  was  a  steady  decrease  in  bacteria 
throughout  the  experiment.  With  the  lead,  the  bacteria  increased  slightly  to  a  ma.xi- 
mum  on  the  eighth  day,  remaining  practically  constant  till  the  23d  day,  after  which 
they  decreased  steadily,  with  a  slight  secondary  increase  on  the  105  th  day.  With 
the  zinc  the  bacteria  increased  slightly  to  a  maximum  on  the  sixth  day  and  then  declined 
rapidly,  the  water  becoming  sterile  on  the  27th  day.  The  bacteria  decreased  steadily 
in  the  tin  until  the  41st  day,  when  a  small  secondary  increase  began,  lasting  until 
the  125th  day.  With  the  iron,  the  bacteria  decreased  steadily,  with  small  secondary 
increases  from  the  17th  to  the  48th  days,  and  from  the  90th  to  the  105th  days. 

The  B.  coli  in  all  the  samples  decreased  steadily,  with  the  usual  fluctuations, 
and  disappeared  from  the  zinc  on  the  loth  day,  from  the  iron  on  the  15  th  day,  from 
the  tin  and  aluminum  on  the  41st  day,  and  from  the  copper  on  the  48th  day,  from 
the  control  on  the  83d  day,  and  from  the  lead  on  the  97th  day.  The  bacterial  analyses 
are  given  in  Table  30  and  the  B.  coli  determinations  in  Table  31. 

Experiment  237. — 1,100  c.c.  of  Merrimac  River  water  containing  i  per  cent 
of  sewage  was  placed  in  each  of  seven  jars,  and  thin  sheets  of  copper,  aluminum,  lead, 
zinc,  tin,  and  iron  were  inserted  in  each  of  six  of  the  jars  respectively,  the  seventh 
being  retained  as  a  control.  The  exposed  metal  surface  in  each  case  was  625  square  c.c. 
The  experiment  had  only  run  31  days  at  the  time  this  was  written.  In  the  control, 
lead,  and  tin,  the  bacteria  decreased  steadily  throughout  the  period  of  observation. 
In  the  copper  a  large  increase  occurred  during  the  first  four  days,  after  which  the 
bacteria  declined  steadily.  In  the  aluminum  the  bacteria  decreased  steadily  until 
the  15th  day,  when  a  secondary  increase  started  lasting  till  the  23d  day.  With  the 
zinc  a  considerable  reduction  occurred  during  the  first  24  hours,  after  which  the  num- 
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-  bers  increased  till  the  third  day,  when  a  decline  set  in  lasting  throughout  the  period 
of  observation.  In  the  iron  an  increase  occurred  during  the  first  24  hours,  after  which 
a  steady  decrease  was  noted  until  the  15th  day,  when  a  secondary  increase  commenced 
which  lasted  until  the  20th  day. 

The  numbers  of  B.  coli  in  the  control  increased  largely  during  the  first  24  hours, 
after  which  they  decreased  steadily  until  the  water  was  practically  sterile  after  31  days. 
In  all  of  the  jars  containing  metals  the  B.  coli  decreased  steadily,  a  slight  secondary 
increase  being  noted  on  the  17th  day  in  the  aluminum.  The  fluctuations  in  the  num- 
bers of  B.  coli  were  quite  noticeable,  in  a  number  of  instances  no  organisms  being 
found  in  one  c.c.  for  a  number  of  days,  and  then  appearing  in  small  numbers.  The 
B.  coli  disappeared  from  the  copper  on  the  sixth  day,  from  the  zinc  on  the  loth  day, 
from  the  tin  on  the  15th  day,  from  the  iron  and  lead  on  the  23d  day,  and  probably 
from  the  aluminum  on  the  31st  day.  The  bacterial  analyses  are  given  in  Table  32 
and  the  B.  coli  determinations  in  Table  2^. 

TABLE  32. 

Merrimac  River  Water  Containing  i  per  Cent  of  Sewage. 

(Bacteria  per  c.c.) 


Elapsed  Time 

Start 

1  day 

2  days.   

3  "  

4  "  

6  "  

8  "  

10  "  

13  "  

IS  "  

17  "  

20  "  

23  "  

28  "  

31  "  


Control 


Copper 

Aluminum 

Lead 

Zinc 

Tin 

Iron 

127,800 

44,000 

56,000 

7,000 

35,000 

86,600 

362,100 

16,500 

26,000 

13.400 

12,000 

16,500 

180,000 

2,800 

8,500 

16,500 

1,400 

3S.OOO 

305,000 

11,500 

8,500 

10,500 

4,800 

18,000 

3.'i.ooo 

310 

5.S00 

11,200 

200 

20s 

96,300 

220 

3.S00 

3.700 

138 

03 

3,600 

9S 

3.000 

19 

94 

63 

6,700 

ss 

iSS 

us 

18 

8 

24s 

1,000 

80 

21 

27 

los 

790 

7,600 

3 

100 

105 

760 

US 

3.000 

9 

9 

23s 

1.500 

100 

3.850 

18 

40 

27s 

525 

6s 

480 

20 

5 

210 

30 

27s 

32s 

13s 

116 

160 

125 

44,500 

21,000 

150,000 

11,000 

4,600 

41s 

2,800 

S2 
69 

17 
23 
31 

s 

10 


TABLE   33- 

Merrimac  River  Water  Containing  i  per  Cent  of  Sewage. 

(B.  coli  per  c.c.) 


Elapsed  Time  Control 

Start 3.S00 

1  day 38,900 

2  days 250 

3  "    108 

4  "    25 

6     "    20 

8     "    I  13 

10     "    '  IS 

13     "    3 

IS          ' 

17     "    I 

20     "    o 

23     "    4 

28     "    I  1 

31     "    I  o 


Copper 


Aluminum 


Lead 


Zinc 


Tin 


Iron 


3.S00 


3.S00 
1.370 

200 

7S 

21 

9 

8 


125 

4S 
7 


3.SOO 
149 


3.S00 

3.100 

100 


3.S00 
650 

SO 
230 
125 

20 
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RESUME. 

In  the  following  resume,  the  resuhs  of  the  copper  sulphate  experi- 
ments are  brought  together  according  to  the  amount  of  copper  added 
to  the  water.  This  copper  is  expressed  as  the  ratio  of  copper  sulphate 
by  weight  to  the  weight  of  water,  with  the  equivalent  of  metallic 
copper  in  parts  per  100,000  in  parentheses. 

Controls. — In  three  experiments  with  polluted  water,  one  showed 
a  gradual  decrease  in  bacterial  contents,  and  the  other  two  showed 
an  increase,  then  a  decrease  which  was  followed  by  a  secondary 
increase  after  some  time.  In  four  experiments  with  stagnant  water, 
run  for  a  short  time  only,  one  showed  a  decrease,  one  increased, 
one  remained  practically  constant,  and  one  increased  and  then 
decreased.  In  one  experiment  with  driven  well  water,  the  bacteria 
increased,  then  decreased,  and  continued  to  fluctuate  up  and  down 
during  the  133  days  the  experiment  continued. 

In  the  one  experiment  made,  B.  coli  under  natural  conditions 
showed  a  gradual  decrease,  but  continued  alive  in  i  c.c.  during 
95  days.  B.  coli  added  to  water  as  broth  culture  decreased,  then 
increased.  In  three  experiments  using  laboratory  cultures  of  B. 
typhosus,  the  control  was  sterile  after  24  hours  in  one  case;  in  another 
a  sharp  decrease  was  noted  till  the  third  day,  when  an  enormous 
increase  commenced  which  lasted  through  28  days;  and  in  a  third 
case  the  typhoid  bacilli,  which  were  present  in  large  numbers, 
remained  practically  unchanged  during  14  days. 

I :  billion  {0. 00002 ^j).— In  the  one  experiment  made  the  bacteria 
followed  the  same  laws  as  did  the  control. 

1:100  million  (o.ooo2jj). — The  behavior  of  the  normal  water 
bacteria  was  observed  in  five  experiments,  four  with  polluted  water 
and  one  with  stagnant  water.  In  four  of  the  experiments  tlie  bacteria 
followed  the  same  curve  as  in  the  control,  and  in  the  iifth  they  were 
nearly  all  destroyed  at  first,  but  the  few  remaining  were  able  to 
multiply  to  large  numbers. 

In  one  experiment,  B.  coli,  naturally  present,  acted  much  like 
the  control,  decreasing  slowly  but  remaining  alive  some  88  days  in 
I  c.c.  In  one  experiment  with  a  laboratory  culture  a  rapid 
decrease  occurred,  and  the  B.  coli  had  disappeared  at  the  end  of  six 
days. 


20O  H.  W.  Clark  and  S.  DeM.  Gage 

Three  experiments  were  made  with  laboratory  cukures  of  B. 
typhosus.  In  one  experiment  large  numbers  survived  three  days, 
although  the  control  died  out  in  24  hours;  in  another  nearly  all  the 
B.  typhosus  were  killed  in  24  hours,  but  the  ver}^  few  remaining 
were  able  to  increase  to  large  numbers.  In  the  third  experiment 
the  B.  typhosus  had  become  somewhat  accustomed  to  hfe  in  water 
before  the  copper  was  added,  and  increased  steadily  during  the  10 
days  they  were  under  observ^ation. 

1:10  million  (0.002 jj). — The  normal  bacteria  were  observed  in 
eight  experiments,  four  with  polluted  water,  three  with  stagnant 
water,  and  one  with  deep  well  water.  Three  of  the  polluted  waters 
acted  like  the  control,  but  in  the  other  nearly  all  the  bacteria 
were  destroyed  at  first,  the  few  remaining,  however,  being  able 
to  increase  rapidly.  In  the  three  stagnant  waters  the  bacteria 
increased,  although  they  failed  to  do  so  in  one  of  the  stagnant  water 
controls. 

Natural  B.  coli  in  one  experiment  decreased  slowly,  as  they  did 
in  the  control,  but  the  numbers  were  usually  larger  than  in  the  control. 
In  one  experiment  with  a  laborator}^  culture  the  B.  coli  were  killed 
in  three  days. 

Two  experiments  were  made  with  laboratory  cultures  of  B. 
typhosus;  in  one  the  test  organisms  disappeared  from  i  c.c.  in 
three  days,  and  in  another  nearly  all  were  killed  in  four  hours,  but 
some  remained  ahve  in  i  c.c.  till  the  12th  day,  and  tests  of  10  c.c. 
showed  them  to  be  alive  up  to  the  28th  day.  In  one  experiment 
with  a  culture  of  B.  typhosus  which  had  been  grown  four  days  in 
water,  a  steady  increase  occurred  during  the  10  days  it  was  under 
observation. 

I :  million  (0.02 jj). — The  behavior  of  the  water  bacteria  was 
observed  in  eight  experiments,  four  with  polluted  water,  three  with 
stagnant  water,  and  one  with  deep  well  water.  In  two  of  the  polluted 
waters  the  bacteria  followed  the  control,  while  in  the  other  two  they 
increased.  In  the  three  stagnant  waters  the  bacteria  increased, 
although  they  decreased  in  one  of  the  controls.  The  bacteria  in 
the  well  water  followed  the  control. 

Natural  B.  coli  in  one  experiment  decreased  slowly,  as  did  the 
control,  but  showed  higher  numbers  than  in  the  control.     In  one 
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experiment  with  a  laboratory  culture,  the  B.  coli  were  killed  in  two 
days,  testing  i  c.c. 

In  one  experiment  with  a  laboratory  culture  of  B.  typhosus  the 
organism  disappeared  from  i  c.c.  in  24  hours.  In  another  experi- 
ment the  B.  typhosus  were  nearly  all  destroyed  in  six  hours,  a  few 
were  alive  on  the  fifth  day,  but  none  were  found  in  100  c.c.  on  the 
seventh  day.  In  the  experiment  where  the  typhoid  bacilli  were 
inured  to  the  water,  the  numbers  increased  steadily  during  the  10 
days  they  were  under  observation. 

1:100,000  (o.2jj). — The  bacteria  were  observed  in  seven  experi- 
ments, four  with  polluted  water,  two  with  stagnant  water,  and  one 
with  deep  well  water.  In  three  of  the  polluted  waters  nearly  all  of 
the  bacteria  were  killed  out  at  first,  but  the  few  remaining  were  able 
to  multiply  largely.  In  the  other  polluted  water  a  large  increase 
occurred  at  once.  The  numbers  of  bacteria  in  the  two  stagnant 
waters  remained  low  for  two  days  and  then  increased  rapidly.  In 
the  well  water  the  bacteria  followed  the  same  curve  as  in  the  control. 

Natural  B.  coli  followed  the  same  curve  as  the  control.  With 
a  laboratory  culture  of  B.  coh  the  organism  disappeared  from  i 
c.c.  in  24  hours.  In  one  experiment  with  B.  typhosus  the  organism 
disappeared  from  i  c.c.  in  24  hours.  In  another  experiment  all 
but  a  few  were  killed  in  six  hours,  but  10  c.c.  tests  showed  some  to 
be  ahve  on  the  fifth  day,  and  100  c.c.  tests  showed  some  alive  en 
the  sixth  day.  In  the  experiment  with  water-grown  typhoid,  the 
organisms  disappeared  from  i  c.c.  in  24  hours. 

1:10,000  (2.53). — The  total  bacteria  were  observed  in  six  experi- 
ments, four  with  polluted  water  and  two  with  stagnant  water.  In 
two  of  the  polluted  waters  the  bacteria  decreased  gradually,  and 
the  waters  became  practically  sterile  after  89  and  131  days  respec- 
tively. In  one  experiment  nearly  all  of  the  bacteria  were  killed 
im.mediately,  and  in  another  the  bacteria  were  practically  all  destroyed 
at  first,  but  a  few  remained  during  20  days.  The  bacteria  in  the  two 
stagnant  water  experiments  were  practically  all  destroyed  in  24 
hours. 

Natural  B.  coh  acted  like  the  control  and  remained  alive  in  i  c.c. 
after  103  days.  With  a  laboratory  culture  of  B.  coH  the  organism 
disappeared  from  i  c.c.  in  24   hours.     A   laboratory   culture   of   B. 
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typhosus  and  the  special  water  culture  of  the  same  organism  both 
disappeared  from  i  c.c.  in  24  hours. 

1:1,000  (25.J). — The  behavior  of  the  normal  bacteria  was  observed 
in  three  experiments  with  polluted  water.  Nearly  all  of  the  bacteria 
were  destroyed  in  a  short  time  in  all  of  these  experiments,  but  a  few 
remained  ahve  for  10  days,  20  days,  and  68  days,  respectively. 

With  a  laboratory  culture  of  B.  coli  and  one  of  B.  typhosus  the 
organisms  disappeared  from  i  c.c.  in  24  hours. 

1:100  (253). — Two  experiments  were  made  with  polluted  water, 
in  which  all  of  the  bacteria  were  killed  in  24  hours. 

The  complete  sterihzation  of  water  by  allowing  it  to  stand  in  a 
clean  copper  dish  does  not  seem  to  be  an  accompHshed  fact;  in  only 
one  of  six  experiments  was  the  water  completely  steriHzed,  and  that 
only  after  standing  55  days.  The  bacterial  curves,  taking  both  con- 
trols and  copper  dish  cultures,  seem  to  follow  the  same  laws  hitherto 
noted  for  standing  water  experiments.  In  two  experiments  the 
copper  dish  cultures  consistently  decreased  in  bacterial  contents 
throughout,  while  in  another  experiment  the  numbers  increased 
sharply  and  then  declined  slowly,  both  of  which  phenomena  have 
been  frequently  observed  in  the  various  control  cultures.  In  two 
experiments  three  entirely  different  waters  were  under  comparative 
obsen-ation.  The  bacterial  contents  of  each  of  these  waters  increased 
constantly,  although  one  of  them  absorbed  relatively  large  amounts 
of  copper. 

In  four  of  the  copper  dish  experiments,  determinations  of  B.  coli 
and  of  bacteria  were  made  simultaneously.  In  these  experiments 
the  B.  coU  were  present  naturally,  i.  e.,  they  came  from  fecal  matter 
directly  polluting  the  water,  as  opposed  to  experiments  in  which  B. 
coli  were  added  to  the  water  in  the  form  of  a  laboratory  culture. 
Naturally  we  should  expect  to  find  the  organisms  under  such  con- 
ditions more  resistant  than  in  the  case  where  we  are  dealing  with 
cultures,  and  this  proves  to  be  the  case.  In  one  experiment  the  test 
organism  disappeared  from  the  water,  testing  100  c.c.  on  the  third 
day.  In  two  other  experiments  the  B.  coli  died  out  in  the  control 
dishes  before  they  disappeared  from  the  waters  contained  in  copper, 
being  found  in  i  c.c.  in  one  experiment  on  the  20th  day,  or  five 
days  after  they  had  disappeared  from  100  c.c.  of  the  control;  and  in 
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the  other  experiment  they  were  found  in  100  c.c.  on  the  34th  day,  or 
six  days  after  they  had  disappeared  from  a  Hke  volume  of  the 
control. 

Three  experiments  were  made  with  laborator}^  cultures  of  B.  coli 
in  sterile  water  standing  in  copper,  and  one  experiment  was  made 
with  B.  typhosus  under  the  same  conditions.  In  two  experiments 
B.  coli  were  found  in  i  c.c.  on  the  sixth  and  eighth  days,  respectively, 
tests  not  being  made  in  larger  volumes  in  these  experiments.  In 
another  experiment  B.  coh  appeared  in  some  numbers  as  late  as  the 
loth  day,  and  were  found  in  100  c.c.  as  late  as  the  40th  day.  In 
the  experiment  with  a  typhoid  the  bacilli  were  practically  all 
destroyed  after  eight  hours,  and  were  not  found  in  100  c.c.  after  24 
hours. 

From  the  two  experiments  made  with  sulphate  of  alumina  and 
ferrous  sulphate,  these  two  salts  appear  to  have  about  the  same 
action  on  the  bacteria  and  B.  coli  as  have  equal  strengths  of  copper 
sulphate. 

Judging  from  the  results  of  experiments  comparing  metallic 
copper  with  other  metals,  all  of  the  metals  tested  seem  to  be  about 
equal  in  their  effect  on  the  numbers  of  bacteria  in  waters  with  which 
they  are  in  contact.  In  one  experiment  the  water  in  contact  with 
zinc  became  sterile  after  about  three  weeks,  while  the  numbers  of 
bacteria  increased  in  the  water  which  was  in  contact  with  copper, 
and  with  all  the  metals,  excepting  zinc,  a  few  bacteria  were  alive  after 
132  days. 

Based  on  the  disappearance  of  B.  coli  in  i  c.c.  the  metals  in  one 
experiment  ranked: — zinc  10  days,  iron  15  days,  tin  41  days,  alumi- 
num 41  days,  copper  43  days,  lead  97  days;  and  in  the  other  experi- 
ment:— zinc  ID  days,  copper  10  days,  tin  23  days,  iron  23  days, 
lead  23  days,  aluminum  31  days. 

conclusions. 

In  conclusion,  the  writers  believe  that  the  treatment  of  water  with 
copper  sulphate  or  by  storing  it  in  copper  vessels  has  little  practical 
value,  for  the  following  reasons: 

I.  The  use  of  any  method  of  sterihzation  which  is  not  absolutely 
effective  is  dangerous  in  the  hands  of  the  general  user,  tending  to 
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induce  a  feeling  of  false  security,  and  leading  to  the  neglect  of  ordinary 
precautions  which  would  otherwise  be  employed. 

II.  The  removal  of  bacteria,  B.  coli  and  B.  typhosus,  by  allowing 
a  water  to  stand  in  copper  vessels  for  short  periods,  while  occasionally 
effective,  is  not  sure,  and  the  time  necessary  to  accomphsh  complete 
sterihzation  is  so  long  that  the  method  would  be  of  no  practical  value 
to  the  ordinary  user.  Furthermore,  metallic  copper  seems  to  have 
little  more  germicidal  power  than  iron,  tin,  zinc,  or  aluminum. 

III.  Although  the  removal  of  B.  coH  and  B.  typhosus  is  occasion- 
ally accomplished  by  dilute  solutions  of  copper  sulphate,  these  organ- 
isms may  both  live  for  many  weeks  in  water  containing  copper  sul- 
phate in  greater  dilutions  than  1:100,000;  and  in  order  to  be  safe 
dilutions  of  1:1,000  must  be  used,  in  which  case  the  water  becomes 
repugnant  to  the  user  because  of  its  strongly  astringent  taste. 

IV.  In  some  instances  very  dilute  solutions  of  copper  sulphate  or 
colloidal  copper  absorbed  from  contact  with  clean  metallic  copper, 
appear  to  have  a  decidedly  invigorating  effect  on  bacterial  activity, 
causing  rapid  multiphcation,  when  the  reverse  would  have  been  true 
had  the  water  been  allowed  to  stand  the  same  length  of  time  without 
any  treatment. 


NOTES  IN  REGARD  TO  THE  DETERMINATION 
OF  COPPER  IN  WATER. 

Fred  B.  Forbes  and  Gilbert  H.  Pratt. 

In  the  course  of  a  series  of  experiments  carried  on  by  the  Massa- 
chusetts State  Board  of  Health  it  became  necessary  to  devise  a 
method  for  separating  and  determining  quantitatively  small  amounts 
of  copper  in  water;  such  a  method  has  been  worked  out  and  is  pub- 
lished in  detail  in  the  "Standard  Methods  of  Water  Analysis"  of  the 
Laboratory  Section  of  this  Association.^  It  is  the  purpose  of  this 
short  paper  to  give  a  brief  outline  of  the  method,  together  with  some 
experimental  results,  and  to  call  attention  to  certain  statements  that 
have  appeared  in  print  regarding  the  total  disappearance  of  the 
copper  in  a  few  hours  when  applied  to  a  water  supply,  and  the  impos- 
sibility of  detecting  it  in  the  water  by  chemical  tests. 

The  chemical  test  in  general  use  for  detecting  copper  in  solution 
in  small  quantities  is  that  mentioned  by  Moore  and  Kellerman  in 
Bulletin  64  of  the  Bureau  of  Plant  Industry,  and  consists  of  adding 
potassium  ferrocyanide  to  the  solution  to  be  tested,  acidified  by 
acetic  acid.  The  sensitiveness  of  this  test  is  shown  by  the  following 
figures. 

.00001  gm.  copper,  as  copper  sulphate,  in  20  c.c.  distilled  water,  equivalent  to 
I  part  copper  in  2,000,000,  gave  a  very  faint  color,  which  it  would  be  impossible  to 
identify  as  the  characteristic  red  of  the  reaction.  0.00002  gm.  copper  in  20  c.c.  water, 
equivalent  to  i  part  copper  in  1,000,000,  gave  distinctly  the  characteristic  color.  Both 
these  strengths  of  copper  solution  were  tested  also  in  volumes  of  100  c.c.  in  tubes,  in 
order  to  observe  the  colors  through  a  longer  column  than  in  the  previous  experiments, 
but  with  the  same  results. 

The  above  tests  were  made  with  a  solution  of  copper  sulphate  in 
distilled  water,  no  other  substances  being  present.  It  is  well  known 
that  the  presence  of  iron  seriously  interferes  with  the  test,  and  it  has 
been  found  that  the  coloring  matter  of  natural  waters  is  also  a  trouble- 
some factor,  so  that  in  practice  the  sensitiveness  of  the  test  is  much 
less  than  is  indicated  by  the  figures  obtained  with  solutions  in  dis- 
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tilled  water.  A  considerable  quantity  of  water  can  be  concentrated 
to  small  volume  in  order  to  increase  the  value  of  this  test,  but  it 
then  becomes  necessary  to  provides  for  the  removal  of  iron  and 
organic  coloring  matter,  or  the  results  obtained  are  of  doubtful 
significance. 

Among  various  published  accounts  of  the  treatment  of  water 
supphes  with  copper  sulphate,  the  writers  have  noticed  in  several 
cases  the  statement  that  after  a  few  hours  no  copper  could  be  detected 
in  the  water  by  the  most  delicate  chemical  tests,  but  have  failed  to 
see  in  any  instance  an  account  of  the  manner  of  making  these  tests, 
or  any  figures  to  prove  their  accuracy. 

Owing  to  the  unreliability  of  these  quahtative  tests  for  very  small 
amounts  of  copper  in  natural  waters,  and  to  the  necessity  of  obtain- 
ing quantitative  results  for  purposes  of  comparison,  it  has  been  found 
that  the  only  satisfactory  way  is  to  concentrate  a  large  quantity  of  the 
water  under  examination,  separate  out  the  copper  in  proper  condi- 
tion for  electrolysis,  and  deposit  it  as  metal  on  a  platinum  electrode 
and  weigh  it. 

The  amount  of  water  which  is  concentrated  depends  upon  the 
amount  of  copper  suspected  to  be  present.  Such  an  amount  as  will 
yield  a  weight  of  from  5  to  lo  milligrams  of  metallic  copper  is  pref- 
erable, as  this  amount  of  copper  adheres  well  to  the  inside  of  the 
platinum  dish  which  serves  as  an  electrode,  and  can  be  weighed  with 
accuracy  on  an  analytical  balance. 

If  the  amount  of  copper  in  the  water  is  very  small,  however,  it  is 
necessary  to  be  content  with  a  less  weight,  in  order  to  avoid  con- 
centrating a  very  large  volume  of  water. 

It  is  the  custom  in  the  work  of  our  board  to  collect  three  five- 
gallon  carboys  of  water  for  each  sample.  Of  this,  50  liters  are  con- 
centrated for  analysis,  an  equal  amount  being  taken  from  each  car- 
boy and  boiled  down  in  three  10-  or  14-inch  porcelain  dishes,  with  the 
addition  to  each  dish  of  a  little  hydrochloric  acid  and  5  or  10  c.c. 
nitric  acid.  When  concentrated  as  far  as  possible,  the  residues  are 
united  in  one  small  dish,  nitric  acid  being  used  to  rub  off  the  scum 
of  organic  matter  which  adheres  to  the  sides  of  the  dishes,  and  after 
further  concentration  the  whole  is  treated  with  strong  sulphuric  acid 
and  fumed  over  a  lamp  for  some  minutes.     By  this  process,  all 
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silica  is  rendered  insoluble,  much  of  the  organic  coloring  matter  is 
destroyed,  and  the  metals  present  are  converted  to  sulphates.  After 
dilution  and  filtering,  the  excess  of  sulphuric  acid  is  neutralized,  and 
hydrogen  sulphide  added  to  the  sulphuric  acid  solution.  By  this  ' 
means  the  rest  of  the  coloring  matter  is  left  behind,  together  with 
zinc,  if  present,  and  practically  all  of  the  iron.  Lead,  if  present,  will 
have  been  previously  removed  as  sulphate.  The  sulphides  are  dis- 
solved in  nitric  acid,  converted  to  sulphates  by  strong  sulphuric  acid, 
and  any  iron  remaining  is  removed  by  ammonia.  The  filtrate  from 
the  iron  is  acidified  with  sulphuric  acid  and,  as  a  precaution,  is 
allowed  to  stand  for  some  time,  in  which  case  any  lead  which  remained 
after  the  two  previous  filtrations  will  deposit  as  sulphate.  The  solu- 
tion is  then  treated  with  10  c.c.  of  concentrated  sulphuric  acid  and  i 
gram  of  urea  and  placed  in  a  platinum  dish  and  electrolyzed,  the 
inside  of  the  dish  becoming  the  cathode,  while  a  coil  of  platinum  wire 
is  placed  in  the  solution  for  the  anode.  Any  zinc  which  might  be 
present  remains  in  solution;  in  fact,  we  have  made  use  of  this  method 
for  separating  quantitatively  considerable  amounts  of  zinc  from 
small  amounts  of  copper,  or  vice  versa. 

When  the  copper  is  all  deposited,  the  dish  is  washed,  dried  and 
weighed;  then  the  copper  is  dissolved  off  the  dish  in  dilute  nitric 
acid,  and  the  dish  dried  and  weighed  again.  The  difference  in 
weight  gives  the  weight  of  copper.  There  is  occasionally  a  very  small 
amount  of  organic  matter,  due  to  the  decomposition  of  the  urea  or 
organic  matter  in  the  solution  adhering  to  the  dish,  and  insoluble  in 
nitric  acid;  hence  the  manner  of  weighing,  instead  of  taking  the  weight 
of  the  empty  dish  before  the  electrolysis. 

The  solution  of  the  copper  in  nitric  acid  may  be  made  ammoniacal, 
when  the  characteristic  blue  color  due  to  copper  will  appear.  It  has 
been  found  that  o.oooi  gm.  of  copper  in  a  volume  of  20  c.c.  gives  a 
faint  blue  color  by  this  test,  while  0.0002  gm.  copper  gives  a  very  dis- 
tinct color.  This  represents  a  sensitiveness  of  i  part  in  200,000  and 
I  part  in  100,000,  respectively.  A  set  of  standards  may  be  made 
up  with  known  amounts  of  copper  in  this  condition  and  the  copper 
obtained  by  electrolysis  can  be  read  on  such  standards,  though 
0.0001  gm.  copper  is  the  smallest  amount  that  can  be  detected;  and 
it  is  impossible  to  interpolate  between  successive  loths  of  a    milli- 
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gram.     The  test  is  of  service,  however,  in  verifying  the  result  when 
the  weight  of  copper  obtained  is  only  a  few  loths  of  a  milligram. 

Following  are  a  few  results  obtained  by  the  method  with  standard 
solutions,  and  also  with  natural  waters  to  which  known  amounts  of 
copper  were  added.  In  every  case  a  considerable  quantity  of  water 
was  treated  with  the  copper  solution  and  then  concentrated  and 
carried  through  in  the  same  manner  as  an  unknown. 


TABLE    I. 
Experiments  with  Solution  of  Copper  Sulphate  in  Distilled  Water. 


Weight  of  Copper 
Taken  (Gram) 

Weight  of  Copper 
Found  (Gram) 

0.0006 
0.0009 
0.0021 
0.0047 

0 . 0005 
0.0007 
0  0019 
0.0050 

TABLE    2. 

Experiments  with  a  Natural  Surface  Water  to  Which  Known  .\mounts  of  Copper  Sulphate 

Were  Added. 


Weight  of  Copper 

Weight  of  Copper 

Quantity  of  Water 

Taken  (Gram) 

Found  (Gram) 

Concentrated 
(Liters) 

0.0006 

C..0008 

50 

0.0014 

0.0017 

so 

0.0047 

0 . 0048 

34 

0.0091 

0.008s 

34 

0.0222 

0.0202 

t6 

0 . 0404 

0 . 0360 

16 

These  results  show  the  method  to  be  capable  of  separating  and 
determining  small  amounts  of  copper  with  considerable  accuracy. 
In  studying  the  figures  it  appears  that  the  percentage  error  is  quite 
large,  especially  in  the  case  of  the  smaller  quantities.  It  must  be 
borne  in  mind,  however,  that  the  absolute  error  is  very  small;  in 
fact,  in  some  instances  as  small  as  the  analytical  balance  is  capable 
of  detecting.  In  the  case  of  the  larger  quantities,  an  additional 
error  is  introduced  by  dividing  the  solution  before  electrolysis,  in 
order  to  avoid  having  too  heavy  a  deposit  on  the  dish.  All  of  the 
results  were  obtained  without  previous  knowledge  by  the  operator 
of  the  amounts  of  copper  present,  and  the  determinations  were 
carried  out  in  all  respects  as  with  unknowns. 
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TABLE  3. 

This  table  shows  a  series  of  results  obtained  from  samples  of  water  from  a  large 
natural  reservoir  infested  with  algje,  to  which  copper  sulphate  had  been  applied. 
In  ever}'  case  50  liters  of  water  were  taken  for  analysis;  the  figures  show  the  weight 
of  copper  found  in  each  sample  and  its  approximate  dilution. 


Before  dosing 

1  day  after  dosing 

2  days    " 

3  "      " 
7     "      " 

13     "      " 
27     "      " 


Gram 
O. 0001 
0.0025 
0.0016 
0.0012 
o . 0006 
O . 0004 
0.0002 


Equivalent  to 


part  Cu  in 


500,000,000 
20,000,000 
31,250,000 
41,666,000 
83>333>ooo 
125,000,000 
250,000,000 


These  figures  show  clearly  the  necessity  of  operating  on  consider- 
able quantities  of  the  sample  if  reliable  quantitative  results  are  to  be 
obtained.  They  show  also  the  fallacy  of  depending  on  the  ordinary 
qualitative  tests  to  prove  a  water  free  from  copper.  The  most 
delicate  of  the  various  tests  would  fail  to  reveal  the  presence  of  the 
metal  in  the  original  concentration  in  any  of  the  foregoing  samples, 
while  if  the  water  is  subjected  to  concentration,  some  provision  must 
be  made  for  the  removal  of  iron  and  organic  coloring  matter,  or  the 
accuracy  of  the  test  is  vitiated. 

It  is  believed  that  the  method  as  devised  is  the  most  accurate  and 
satisfactory  one  at  the  present  time,  and,  though  somewhat  tedious, 
justified  by  the  importance  of  thoroughly  testing  this  comparatively 
new  process  of  water  purification  before  passing  judgment  on  its 
value. 

The  method  may  also  be  used  upon  sand,  the  copper  being 
extracted  therefrom  by  means  of  nitric  acid  and  the  subsequent 
procedure^being  the  same  as  with  a  water  residue. 


A  NOTABLE  SOURCE  OF  ERROR  IN  TESTING  GASEOUS 
DISINFECTANTS. 

HiBBERT    WiNSLOW    HiLL. 
Minnesota  State  Board  of  Health  Laboratories,   Minneapolis,  Minn. 

The  testing  of  gaseous  disinfectants  for  public  health  purposes  is 
done  for  two  general  objects,  in  two  different  ways.  The  first  object 
is  that  sought  when  the  investigator  determines  from  a  large  number 
of  experimental  tests  the  required  amounts  of  gas  and  best  methods  of 
work,  and  then  prescribes  these  for  use  in  practice.  The  second 
object  is  to  secure  a  check  system  by  which  each  particular  disin- 
fection performed  in  practice  is  tested  as  a  routine  procedure  by  the 
exposure  in  the  room  of  one  or  more  test  organisms,  the  death  of 
which  is  required  before  the  disinfection  is  officially  approved.  The 
two  systems  supplement  each  other,  but  the  second  is  scarcely 
required  if  the  disinfection  is  performed  strictly  according  to  a  proper 
prescription,  and  is  intended  primarily  as  a  test  of  the  disinfector 
rather  than  of  the  disinfectant.  For  whatever  purpose  the  tests  are 
made,  it  is  rather  obvious  that  they  should  be  so  designed  that  the 
survival  of  the  test  organism  should  be  good  evidence  that  the  room 
treated  would  have  remained  infected,  had  it  been  originally  infected 
naturally  by  a  patient  suffering  from  an  infectious  disease,  and  also — 
vice  versa — that  the  death  of  the  test  organism  should  prove  that  the 
room  treated  would  no  longer  be  infective,  if  it  were  infective  before 
disinfection  was  done.  It  is  of  the  greatest  moment,  therefore,  that 
the  condition  of  the  test  organisms,  as  well  as  their  character,  should 
parallel  closely,  or,  if  possible,  be  identical  with,  the  condition  of  the 
infective  agents  which  are,  or  are  supposed  to  be,  present  in  rooms 
occupied  by  infected  patients. 

The  writer  has  had  occasion  to  point  out  in  previous  articles'  the 
probable  position  and  condition  of  infective  agents  in  naturally 
infected  rooms.  It  is  now  his  object  to  point  out,  from  accumulated 
evidence,  the  requisites  which  should  be  demanded  of  test  organisms 

'Am.   Pnh.   Health  Assoc.  Rep..  1902,  28,  pp.  209,  509;   Bullelin,  V'ermont  State  Hoard  of  Health; 
presented  at  the  Vermont  summer  school  for  health  officers,  1903. 
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used  in  testing  disinfectants,  these  requisites  being  based  on  the 
premise  above  given,  i.e.,  that  the  test  organism  should  parallel  in 
condition,  as  well  as  character,  the  infective  agents  which  it  is  desired 
to  destroy. 

It  has  been  pointed  out  by  a  number  of  investigators  that  the 
efficiency  of  gaseous  disinfectants,  chlorine,  sulphur,  formaldehyde, 
carboHc  acid  vapor,  etc.,  is  dependent  verv'  largely  on  the  humidity 
of  the  atmosphere  in  which  they  act.  In  saturated  atmospheres 
remarkably  small  amounts  of  these  gases  are  efficient.  In  dry 
atmospheres,  they  are  practically  inert,  even  if  present  in  relatively 
large  quantities.  But  a  most  important  point  is  this,  that  a  dr}^  gas, 
acting  upon  a  moist  organism,  kills  it  just  as  surely  as  does  a  moist 
gas  acting  upon  a  dry  organism.  This  very  simple  fact  has  led  to 
much  of  the  confusion  of  results  in  work  carried  on  by  different 
observers,  who,  attempting  to  obtain  similar  results  by  similar 
methods,  obtained  contradictory  results  because  of  the  differences  in 
the  degree  of  moistness  of  the  test  organisms  respectively  used; 
while  another  set  of  contradictions  has  resulted  from  differences  in 
the  humidities  of  the  atmosphere  in  different  tests.  With  two  such 
important  variables  almost  entirely  overlooked  in  most  "practical" 
disinfection  tests  of  gaseous  disinfectants,  it  is  not  astonishing  that 
one  observer  records  excellent  results  from  the  use  of  a  method 
which,  in  the  hands  of  another,  utterly  fails. 

The  work  upon  which  this  paper  is  based  was  done  in  the  attempt 
to  reconcile  two  sets  of  absolutely  contradictor}^  results  obtained, 
one  set  in  Boston,  the  other  in  the  hands  of  a  high  authority  not  far 
away  from  Boston.  A  third,  and  more  unusual,  source  of  error  was 
incidentally  discovered — the  drying  of  test  organisms  to  an  unusual 
extent;  the  discovery  resulting  finally  in  a  statement  from  one 
observer  that  the  sum  total  of  favorable  results  he  had  so  far  obtained 
was  absolutely  worthless,  since  his  controls  themselves  did  not  sur- 
vive the  period  of  drying  employed,  without  the  use  of  any  disin- 
fectant at  all. 

Briefly  summed  up,  the  facts  are  that  test  organisms,  fresh  and 
moist,  are  very  susceptible  to  small  quantities  of  disinfectant  gas,  dry  or 
moist;  the  same  organisms,  fresh  but  dried,  are  extremely  resistant  to 
the  same  amounts  of  dry  gases ;  while,  finally,  the  same  organisms,  dried 
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for  a  week  or  more,  lose  vitality  to  such  ah  extent  that  even  small 
amounts  of  gas,  not  necessarily  at  high  humidities,  will  kill  them.  The 
writer  has  exposed  in  the  same  room,  under  identical  conditions  and  at 
the  same  time,  the  same  organisms  on  filter  paper,  and  kept  all  night, 
one-half  in  such  a  manner  as  to  dry  thoroughly,  the  other  half  in  such  a 
manner  as  to  remain  moist.  The  moist  organisms  were  all  killed, 
the  dry  organisms  all  survived.  Test  objects  prepared  so  that  an 
intermediate  stage  of  dryness  was  reached,  behaved  irregularly,  some 
surviving,  some  perishing.  Moreover,  organisms  (B.  pyocyaneus) 
prepared  on  successive  days,  in  such  a  manner  that  at  the  end  of  a 
week,  all  could  be  exposed  under  identical  conditions  to  the  same 
gas,  gave  results  which  showed  that  those  prepared  immediately 
before  the  exposure  (i.  e.,  still  moist)  were  killed,  those  prepared  two, 
three,  and  four  days  before  (i.  e.,  well  dried,  but  still  fresh)  survived; 
while  those  prepared  five,  six,  and  seven  days  before  were  killed  in 
numbers  proportionate  roughly  to  the  age  of  the  specimen,  those 
longest  dried  showing  the  largest  proportion  of  killed. 

The  writer's  object  in  submitting  this  statement  at  this  time  is  to 
point  out  certain  sources  of  error  which  have  in  the  past  given  to 
those  concerned  in  selecting  methods  of  disinfection  a  bewildering  set 
of  contradictory  data  to  digest.  Some  of  those  to  whom  such  contra- 
dictory results  have  been  submitted  have  naturally  enough  become  dis- 
gusted with  all  results  of  the  same  nature.  Nor  is  it  to  be  wondered 
at,  when,  for  instance,  one  city  adopts,  on  bacteriological  evidence, 
five  ounces  of  formaldehyde  per  i,ooo  cubic  feet,  and  another  city,  also 
on  bacteriological  evidence,  has  announced  officially  that  over  70  ounces 
per  1,000  cubic  feet  is  not  uniformly  efficient.  The  question  will 
naturally  arise:  What  character  and  conditions  should  a  test 
organism  have  to  yield  a  satisfactory  and  conclusive  result  ?  The 
answer  is  involved  in  what  has  been  said  already.  Categorically, 
it  should  be  fresh — not  more  than  two  days  dried;  and  it  should  be 
really  dry;  while  the  species  used  should  be  those  encountered  in 
actual  practice,  or  non-pathogenic  forms,  carefully  tested  and  selected 
to  show  parallel  resistance  to  those  which  it  is  desired  to  kill  in  prac- 
tice. The  reason  for  selecting  dry  organisms,  dried,  however,  not 
more  than  two  days,  is  simply  that  such  organisms  represent  the  con- 
ditions   which    those    infective    agents    naturally  distributed  in  the 
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infected  room  will  most  probably  present.  Any  organisms  in  the 
room  freshly  deposited  by  the  patient  just  before  death  or  removal, 
are  likely  to  be  moist,  hence  are  likely  to  be  killed  readily.  Those 
deposited  by  the  patient  a  week  or  more  before  are  likely  to  be  dead, 
or  at  least  dried  to  a  point  of  low  resistance,  and  are  also  readily 
killed.  It  is  therefore  the  organisms  that  were  thrown  out  by  the 
patient  from  one  to  seven  days  before  his  death  or  removal  that  will 
usually  prove  the  more  resistant,  and  it  is  to  these  that  the  disinfector 
must  pay  attention.  It  is  obvious  that  organisms  of  hke  age  and  dry- 
ness should  be  used  for  the  tests.  To  kill  organisms  in  this  condition 
high  humidity  of  the  atmosphere  is  required  if  efficiency,  with  economy 
of  gas,  is  desired. 

In  practice,  bacteria  dry  more  quickly  on  glass  than  on  cotton  or 
filter  paper.  This  is  probably  the  chief  reason,  if  not  the  only  one, 
why  it  has  been  noted  by  various  observers  that  organisms  dried  on 
glass  are  more  resistant  (if  not  dried  too  long)  than  those  dried  on 
the  other  materials  under  like  conditions.  Hence  glass  objects  for 
test  organisms  have,  in  the  writer's  hands,  given  the  most  generally 
reliable  and  uniform  results. 


METHODS  OF  BACTERIOLOGICAL  EXAMINATION 

OF  MILK. 

Francis   H.   Slack, 

Bacteriologist,  Bureau  of  Milk  Inspection,  Boston  Board  of  Health. 

The  bacteriological  examination  of  milk  is  rapidly  becoming 
one  of  the  essentials  in  the  maintenance  of  public  health.  For  years 
milk  supphes  have  been  inspected  and  tested  to  chemical  standards 
alone,  with  the  result  that  watered,  adulterated,  and  preserved  milks 
have  been  practically  driven  from  the  markets.  These  chemical 
tests  are  necessary',  and  only  fail  in  that  they  do  not  go  far  enough, 
since  a  milk  impure  and  unwholesome  on  account  of  bacterial  growth, 
or  a  milk  from  a  diseased  animal,  cannot  be  detected  by  them. 

The  bacterial  count  and  the  microscopical  examination  of  the 
milk  sediment  reveal  whether  the  milk  has  been  properly  handled 
or  not,  and,  to  a  great  extent,  the  condition  of  the  animal  from  which 
it  came. 

It  so  happened  that  a  conviction  of  the  importance  of  this  exami- 
nation came  to  several  cities  at  about  the  same  time,  and  as  no  methods 
of  milk  examination  had  been  agreed  upon  among  bacteriologists, 
each  laboratory'  started  the  work  independently  as  best  it  might. 
As  a  result,  a  large  number  of  laboratories  make  routine  bacterio- 
logical examinations  of  milk,  but  cannot  compare  results,  because 
of  differences  in  methods. 

The  subject  is  of  so  much  importance  that  these  various  methods 
of  technique  and  differences  of  apparatus  ought  to  be  compared, 
in  order  that  the  best  may  be  chosen;  and  definite,  uniform  methods 
for  routine  examination  should  be  agreed  upon. 

It  is  with  this  object  in  view  that  the  following  technique  and 
apparatus,  developed  at  the  Boston  Board  of  Health  Laboratory, 
under  the  direction  of  Dr.  H.  W.  Hill,  are  offered  for  comparison 
and  criticism. 

Before  milk  work  was  begun,  Dr.  E.  H.  Wilson,  of  Brooklyn, 
courteously  permitted  Dr.  Hill  to  examine  and  collate  the  replies 
from    about    15    prominent    laboratories    doing    niilk    work,    made 
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in  response  to  a  circular  letter  containing  questions  concerning 
technique,  which  Dr.  Wilson  had  sent  out.  xA.lthough  the  replies 
showed  wide  differences  in  technique,  even  among  workers  devoted 
largely  or  solely  to  milk  examinations,  the  technique  in  Boston  was 
based  on  the  consensus  of  the  opinions  given  and  modified  from 
time  to  time  as  the  work  developed  and  became  familiar  to  us. 

For  collecting  samples,  we  have  designed  an  apparatus  using 
test  tubes  *  as  containers ;  the  samples,  after  thorough  mixing,  are 
transferred  to  the  test  tubes  by  means  of  large  glass  pipettes,  a  clean 
sterile  pipette  being  used  for  each  sample.  The  case  for  carrying 
the  samples  is  made  of  copper,  with  double  walls  interlaid  with-  half- 
inch  felting,  divided  into  three  compartments,  the  central  one  for 
samples,  the  other  two  for  ice.  The  test  tubes  are  arranged  in  small 
racks,  made  of  copper  tubing  weighted  with  a  strip  of  lead  and 
padded  with  rubber.  Each  rack  holds  four  tubes.  Holes  in  the 
bottoms  of  the  partitions  allow  ice-water  to  circulate  freely  around 
the  lower  ends  of  the  tubes.  When  this  outfit  is  iced  and  closed, 
a  constant  temperature  of  34°  F.  is  maintained.  The  pipettes  are 
carried  beneath  the  sample  case  in  a  detachable  copper  box,  adapted 
for  sterihzing  and  divided  into  two  compartments,  the  upper  for 
clean  sterile  pipettes,  the  lower  for  the  pipettes  after  use. 

The  use  of  the  test  tube  has  been  adopted,  in  preference  to  the 
use  of  bottles,  for  the  following  reasons,  dependent  in  most  cases  on 
the  long  slender  shape  of  the  tube: 

1.  Economy  of  floor  area  in  the  collecting  case. 

2.  Avoidance  of  the  necessity  for  two  or  more  layers  of  con- 
tainers, the  lower  layer  of  which  would  be  always  difficult  of  access. 

3.  The  facihty  for  maintaining  low  temperature  by  the  circula- 
tion of  ice-water  about  the  lower  ends  of  the  tubes. 

4.  The  ease  with  which  all  the  usual  washing,  sterilizing,  and 
general  handling  of  test  tubes  can  be  done,  since  the  test  tube  is 
a  regular  piece  of  ordinary  apparatus,  involving  no  departure  from 
the  ordinary  routine  in  all  the  usual  manipulations. 

In  plating,  we  have  followed  the  methods  recommended  by  the 
Bacteriological  Committee.^  We  have  found  a  dilution  of  1:10,000 
best  suited  for  routine  work.     When  examining  samples  recently 

'Jour.  Infect.  Dis.,  Supplm.  Xo.  i,  igos,  p.  i. 
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taken  from  individual  cows  or  from  a  milk  supply  known  to  be  fairly 
pure,  we  dilute  loo  times.  When  the  microscopical  examination, 
which  will  be  described  in  detail  later,  shows  a  milk  crowded  with 
bacteria,  we  dilute  i :  1,000,000.  The  lowest  count  we  have  recorded 
is  300  bacteria  to  i  c.c. ;    the  highest  640,000,000. 

For  dilution  water,  square  eight-ounce  bottles  have"  been  found 
more  easy  to  handle  and  more  economical  of  space  than  other  forms 
of  bottles  or  flasks.  Straight  sided  i  c.c.  pipettes  are  more  easily 
handled  than  those  with  bulbs.  They  can  easily  be  made  from 
small  glass  tubing  and  cahbrated  in  the  laboratory. 

For  a  medium,  we  use  agar-agar  made  according  to  the  directions 
of  the  Bacteriological  Committee.  A  few  changes  have  been  made 
after  careful  comparison  of  results  with  varying  acidities  and  per- 
centages of  agar.  We  have  the  best  results  with  a  i  per  cent  agar, 
reaction -I- 1.5. 

The  additions  of  lactose  or  litmus  to  the  medium  has  not,  so  far 
as  we  have  tried  it,  proved  of  any  special  advantage. 

We  do  not  use  gelatin,  on  account  of  the  difficulty  of  maintaining 
uniform  room  temperature,  and  the  length  of  time  which  must  elapse 
before  a  report  can  be  made. 

The  agar  plates  are  incubated  in  a  saturated  atmosphere  for  24 
hours  at  37°  C. 

Comparison  of  plates  grown  at  room  temperature  with  those 
grown  at  37°  C.  has  at  times  shown  great  differences  in  the  number 
of  colonies  developing  in  dupUcate  plates.  These  differences,  how- 
ever, have  not  been  uniform,  the  higher  or  lower  temperature  develop- 
ing more  colonies  according  to  the  nature  of  the  organisms  present. 
Incubation  at  37°  C.  has  been  adopted,  since  it  allows  a  much  quicker 
report;  it  gives  each  sample  the  same  treatment  at  a  regulated  tem- 
perature; and  it  allows  a  fair  comparison  of  results  obtained  over 
long  periods.  If  the  plates  are  incubated  48  hours,  a  slightly  higher 
average  count  will  be  obtained,  not  enough,  however,  materially  to 
change  the  report.  In  many  plates  the  count  is  lower  at  the  end  of 
48  hours  on  account  of  small  colonies  becoming  obscured  in  the 
growth  of  larger  ones.  There  are  also  more  spreaders,  which  means 
a  greater  loss  of  counts. 

Porous  Petri  dish  covers,  suggested  by  Dr.  Hill  and  since  rccom- 
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mended  by  the  Bacteriological  Committee,  have  proved  ver}'  efficient 
in  reducing  the  number  of  spreaders.  By  their  use  in  our  work, 
spreaders  have  been  reduced  from  35  per  cent  to  practically  none. 

Spreading  under  glass  covers  seems  to  be  caused  principally  by 
water  condensing  on  the  inner  surface  of  the  cover  and  on  the  surface 
of  the  agar.  The  first  fault  can  be  partially  overcome  by  inverting 
the  dish,  but  the  second  seems  to  be  unavoidable  except  by  using 
the  porous  covers.  With  the  glass  covers,  the  bacteria  in  the  surface 
colonies  multiply  rapidly  in  the  film  of  condensation  water,  often 
spreading  over  the  whole  surface,  and  thus  making  a  count  impossible. 
The  dry  porous  earthenware  covers  absorb  this  condensation  water, 
still  leaving  the  atmosphere  saturated,  as  is  proved  by  the  quick 
growth  and  large  size  of  the  colonies.  It  is  not  necessary  to  invert 
the  dishes;  the  covers  are  cheaper  and  more  durable  than  glass, 
and  they  can  be  marked  with  lead-pencil,  the  marks  erasing  easily. 
Organisms  having  an  inherent  tendency  to  spread  from  unusual 
motihty  are  not  prevented  from  spreading  by  the  use  of  these  covers. 

With  the  porous  covers,  as  with  the  glass,  each  additional  day's 
incubation  shows  an  increase  in  the  number  of  spreaders,  due  partly 
at  least  to  the  fact  that  the  moisture  gradually  fills  the  interstices  so 
that  they  do  not  absorb  as  readily  as  at  first;  but,  day  by  day,  the 
spreaders  are  much  smaller  in  number  than  with  glass  covers. 

It  is  quite  essential  to  the  best  results  that  the  porous  covers  should 
be  washed  as  seldom  as  possible.  In  sterihzing  them,  the  process 
should  be  prolonged  over  the  time  necessary  to  kill  the  organisms, 
in  order  that  the  covers  may  be  thoroughly  dry. 

Our  counting  apparatus  is  simple  and  inexpensive.  A  circle, 
four  and  one-half  inches  in  diameter,  divided  into  10  equal  segments, 
is  cut  into  the  surface  of  a  child's  school  slate;  the  lines  are  then, 
filled  with  red  lead,  against  which  any  colonies  lying  immediately 
over  them,  are  easily  seen.  The  surface  of  the  slate,  which  tends 
to  become  gray,  with  time  and  use,  may  be  kept  black  by  occasionally 
rubbing  with  a  little  vasehne.  The  Petri  dish  is  placed,  uncovered, 
bottom  down  over  the  circle.  A  wooden  box,  six  by  six  by  five 
inches,  with  open  bottom,  glass  front,  and  a  four-inch  circular  open- 
ing in  the  top,  the  wooden  parts  painted  black  within  and  without 
to  avoid  refraction  of  the  light,  is  placed  over  the  plate  and  centered. 
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A  common  four-inch  reading  glass,  magnifying  about  two  diameters, 
fits  over  the  opening  in  the  top  of  the  box,  thus  protecting  the  plate, 
keeping  a  constant  focus  and  leaving  both  hands  of  the  operator  free. 
A  tally  record  for  adding  and  recording  the  counts  by  a  simple  pres- 
sure of  the  thumb  for  each  colony  seen,  completes  the  outfit. 

The  advantages  of  this  counting  apparatus  may  be  summarized 
as  follows: 

1.  Cheapness. 

2.  The  lens  is  held  at  the  proper  focus,  leaving  both  hands  of 
the  operator  free. 

3.  The  whole  field  is  exposed  to  view,  so  that  there  is  no  danger 
of  counting  the  same  colony  twice. 

4.  The  radial  division  into  loths  makes  it  easy  in  a  crowded 
plate  to  obtain  an  approximate  estimate  by  multiplication  of  the 
count  of  one  or  two  representative  sections. 

5.  The  plate  is  so  well  protected  from  contamination  that  it  may 
be  counted  face  up  with  the  cover  removed. 

For  the  microscopic  examination  of  milk  we  first  obtain  the  sedi- 
ment from  a  known  quantity  by  centrifugalizing;  Stewart,  of  Phila- 
delphia, uses  an  apparatus  by  means  of  which  a  large  number  of 
samples  may  be  treated  at  the  same  time. 

A  modification  of  this  consists  of  an  aluminum  disc  and  cover, 
the  whole  being  10  inches  in  diameter  and  f  of  an  inch  in  depth. 

This  disc  is  fitted  to  hold  20  small  tubes  arranged  radially.  The 
tubes  hold  about  2  c.c.  each.  Both  ends  are  closed  with  rubber 
stoppers.  By  the  use  of  these  tubes,  the  whole  sediment  from  a 
known  quantity  of  milk  is  obtained,  and  may  be  spread  over  a  given 
space.     We  have  arbitrarily  adopted  a  space  of  4  sq.  cm. 

For  smearing  the  sediment,  slides  nine  by  two  inches  of  common 
window  glass  are  convenient.  One  of  these  may  be  ruled  with  blue 
pencil  into  11  spaces,  each  2  by  2  cm.,  leaving  a  space  2  by  i^cm. 
at  the  top  of  each  for  the  sample  number  and  a  similar  space  at  the 
lower  end  for  comments  on  the  microscopical  examination.  By 
stopping  the  tubes  at  one  end  before  opening  the  sample  case,  the 
time  of  exposure  of  the  samples  to  room  temperature  is  lessened. 
Each  sample  need  be  exposed  only  a  few  seconds  while  filling  the 
lube,  and  immediately  replaced  in  the  case. 
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The  milk  sample  is  shaken  25  times,  the  tube  is  filled  from  the 
test  tube  by  pouring,  then  stoppered,  and  finally  inserted  into  its 
properly  numbered  receptacle  in  the  disc.  We  centrifugahze  10 
minutes  at  a  speed  of  2,000  to  3,000  revolutions  a  minute. 

To  obtain  the  sediment  with  least  disturbance,  first  remove  the 
stopper  at  the  inner  or  cream  end,  then,  holding  the  tube  with  the 
cream  end  downward,  remove  the  cream  with  a  platinum  loop  and 
pour  the  milk  out ;  lastly,  still  holding  the  cream  end  down,  carefully 
remove  the  other  stopper  with  the  adhering  sediment  and  smear  the 
sediment  evenly,  with  a  drop  of  sterile  water,  over  the  measured 
space  on  the  glass  slide,  rubbing  the  stopper  directly  on  the  glass 
until  all  the  sediment  is  removed.  Dry  with  gentle  heat  and  stain 
with  methylene  blue. 

The  examination  of  a  properly  prepared  milk  sediment  under  the 
microscope  with  a  yV  oil  immersion  lens  gives  a  very  good  idea  as  to 
the  number  of  bacteria  present.  We  began  this  examination  with 
the  intention  of  looking  for  pus  and  streptococci  alone.  The  varia- 
tion in  the  number  of  bacteria  in  different  samples  was,  however, 
so  apparent  under  the  microscope  that  it  suggested  this  form  of 
examination  as  a  more  convenient  and  quicker  method  than  plating 
for  determining  the  bacterial  content  of  milk,  or  at  least  for  eliminating 
samples  comparatively  free  of  bacteria. 

We  determined  to  test  the  question  thoroughly  by  comparing  the 
microscopical  estimate  with  the  actual  count  as  obtained  from  the 
plates.  The  comparison  was  carried  out  very  carefully  with  over 
2,200  samples,  each  sample  being  subjected  to  the  double  test,  i.  e., 
plating  and  centrifugahzing ;  the  microscopic  estimate  was  made  before 
the  plate  was  counted  and  an  error  of  less  than  i  per  cent  was 
made  in  passing  (as  below  500,000  bacteria  to  i  c.c.)  milks  which 
in  the  plates  showed  above  this  hmit.  Over  a  third  of  the  total 
error  occurred  in  the  first  420  samples,  before  the  method  was  fully 
developed. 

This  method  would  be  useless  in  examining  very  clean  milks  for 

certification,  as  the  lowest  hmit  of  accuracy  would  probably  be  around 

the  100,000  to  I  c.c.  mark.     Perhaps,  by  obtaining  the  sediment  from 

a  larger  amount  of  milk,  the  test  could  be  made  more  delicate. 

If  the  microscopic  estimate  is  made  before  the  samples  are  plated. 
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it  is  hardly  necessan^  to  plate  those  samples  which  are  manifestly 
within  the  law's  requirements.  Besides  such  cases,  many  milks  are 
obviously  above  the  legal  limit ;  these  are  plated  in  order  to  confirm 
the  microscopic  examination,  and  to  have  definite  figures  for  legal 
purposes.  Besides  those  entirely  below  and  above,  there  are  still 
others  about  which  the  examiner  is  in  doubt.  These  of  course  need 
to  be  plated.  Finally,  of  those  apparently  above  the  law,  there  are 
occasional  samples  which  on  plating  run  below  it.  It  is  still  a  ques- 
tion in  such  cases  whether  the  plate  or  the  microscope  is  the  more 
correct.  This  group,  although  a  very  small  one,  makes  the  plating 
of  high  count  milk  more  necessary,  since  it  would  be  inadvisable 
for  legal  purposes  to  go  into  court  on  the  microscopic  estimate  alone. 

It  is  easy  to  determine,  through  the  microscopic  examination, 
what  dilution  will  be  necessar}'  in  plating,  in  order  to  ascertain  cor- 
rectly the  number  of  bacteria  present. 

When  examining  the  sediment  for  pus,  since  pus  cells  and  dead 
leucocytes  are  identical,  it  is  impossible  to  differentiate  them  under 
the  microscope  by  the  appearance  of  the  individual  cells.  While 
it  is  not  uncommon  to  find  milks  with  these  cells  nearly  absent,  most 
milks  have  at  least  three  or  four  such  cells  to  the  yV  oi^  immersion 
field. 

Opinions  as  to  the  number  of  such  cells  required  to  indicate  pus 
differ.  Professor  Bergey,  of  the  University  of  Pennsylvania,'  says: 
"There  is  still  no  agreement  among  bacteriologists  as  to  the  number 
of  cells  in  a  specimen  that  will  justify  the  diagnosis  of  the  presence 
of  pus.  The  number  of  cells  in  a  field  of  the  yV  immersion  lens  is 
taken  arbitrarily  at  lo.  This  number  of  cells  per  field  may  not 
always  indicate  pus,  but  it  is  believed  that  in  the  majority  of  instances 
it  does  indicate  the  presence  of  pus  in  milk  derived  from  individual 
cows."  Stewart,  of  Philadelphia,  with  the  sediment  from  i  c.c. 
of  milk  spread  over  a  surface  of  i  sq.  cm.,  allows  23  cells  to 
the  tV  immersion  field  before  reporting  pus.  On  account  of  the 
large  amount  of  this  milk  with  high  cellular  content  at  present  in 
the  markets,  and  the  not  wholly  unreasonable  doubt  as  to  whether 
such  milk  is  injurious  to  the  public  health,  it  has  seemed  fairest  to 
all  concerned,  while  fully  recognizing  that  some  abnormal  condition 

•   BuUetin  125,  Corawlth.  of  Peon.,  Dept.  Agric,  IQ04. 
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must  be  present  in  the  animal  yielding  such  milk,  to  adopt  a  standard 
for  market  milk,  for  the  present,  allowing  not  over  50  cells  to  the 
yV  immersion  field  (spreading  the  sediment  from  2  c.c.  of  milk 
over  4  sq.  cm.).  So  httle  of  the  sediment  is  seen  at  once  with 
the  high  power  that  it  is  well  to  confirm  the  diagnosis  of  pus  by  making 
a  thorough  examination  of  the  whole  surface  with  a  low-power  lens, 
to  determine  how  uniform  a  smear  has  been  made.  By  using  an 
eye-piece  micrometer,  ruled  in  squares,  the  relation  of  the  area  of 
one  square  to  that  of  the  y^  immersion  lens  being  previously  calcu- 
lated, a  count  may  be  made  with  the  low-power  lens. 

Streptococci  are,  in  our  experience,  seldom  found  to  any  great 
extent  by  direct  microscopical  examination.  Occasionally  a  sample 
will  be  found  crowded  with  long  chains.  More  often  streptococci, 
if  present,  are  in  the  form  of  diplococci  or  very  short  chains.  In 
any  examination  where  streptococci,  diplococci,  or  cocci  are  found 
in  the  sediment,  and  the  plate  from  the  same  sample  contains  colonies 
resembling  streptococci  colonies  in  excess  of  a  count  of  100,000  to 
I  c.c,  we  transplant  these  colonies  to  broth  to  see  if  chains  will 
develop.  We  first  make  and  record  an  estimate  of  the  number  of 
such  colonies  present,  then  transfer  from  10  to  50  of  them  to  broth, 
and  grow  for  24  hours  at  37°  C.  Streptococci  in  small  numbers  are 
present  in  most  market  milk. 

We  condemn  a  milk  for  streptococci  when  these  three  tests  are 
all  positive: 

1.  Microscopic  examination  of  the  sediment  showing  streptococci, 
diplococci,  or  cocci. 

2.  The  plate  from  the  same  sample  showing  colonies  resembling 
streptococci  colonies,  in  excess  of  100,000  to  i  c.c. 

3.  The  broth  culture  from'  these  colonies  showing  streptococci 
alone  or  in  great  excess  of  the  other  bacteria  present. 

In  conclusion,  a  word  on  the  correlation  of  temperature  and  count. 
At  first  thought,  one  would  always  expect  to  find  a  high  bacterial 
count  in  samples  showing  a  high  temperature,  and  a  low  count  in 
low  temperature  samples,  and  if  all  the  milk  in  question  were  of  the 
same  age  and  had  been  kept  continuously  at  the  temperature  found, 
this  would  generally  be  the  case.  But  it  is  easy  to  see  that  a  high 
temperature  might  accompany  a  low  count  on  milk  only  a  few  hours 
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old  which  had  not  been  properly  cooled,  while  a  low  temperature 
and  a  high  count  are  frequently  found  together  in  milk  recently 
cooled  which  previously  for  12  to  36  hours  had  been  kept  warm,  as 
is  often  the  case  during  transportation  as  practiced  in  some  parts  of 
the  country.  Thus,  by  taking  temperature  alone  it  is  impossible 
to  state  whether  or  not  a  milk  is  good  from  the  bacterial  standpoint, 
and  if  milk  is  judged  by  the  temperature  standard  alone,  much  that 
is  good  may  be  condemned,  and  very  much  that  is  poor  will  be  kept 
on  sale.  Taking  temperatures  is  important,  and  tells  us  how  the 
milk  is  being  cared  for  at  time  of  sampling.  By  making  bacterial 
counts,  we  find  how  the  milk  has  been  cared  for  up  to  the  present, 
any  lack  of  cleanhness  or  care  being  recorded  by  the  corresponding 
increase  in  bacteria.  By  centrifugalizing  and  examining  the  sedi- 
ment, we  can  estimate  the  bacteria  present,  and  detect  milk  which 
on  account  of  disease  or  dirt  is  unfit  for  use  as  food. 

All  of  these  methods  of  examination  have  been  carefully  worked 
out  with  checks  and  controls.  Realizing  that  there  is  still  great 
room  for  improvement  in  many  ways,  we  recommend  them  as  a 
system  which  has  been  reasonably  successful  in  practice,  for  city 
laboratory  work  where  quick  reports  are  needed  as  well  as  the  accurate 
examination  of  large  numbers  of  samples.  We  do  not  offer  them 
as  developed  to  a  final  point  of  simplicity  and  efficiency;  our  hope 
is  only  that  their  presentation  here  may  serve  to  provoke  discussion 
and  to  secure  ultimate  agreement  on  uniform  and  efficient  methods. 


SUGGESTIONS    FOR    CHANGES    IN    THE    SCHEDULES 

FOR     JvIAKING     BROTH,     GELATIN,     AND     AGAR, 

RECOMMENDED  IN  THE  LAST  REPORT  OF  THE 

COMMITTEE  ON  STANDARD  METHODS  OF 

WATER  ANALYSIS.^ 

HiBBERT    WiNSLOW    HiLL, 
Minnesota  State  Board  of  Health  Laboratories,  Minneapolis,   Minn. 

Suggestion  i. — In  preparing  broth,  gelatin,  and  agar,  transfer 
the  direction  to  "adjust  to  the  required  reaction,"  from  its  present 
position  to  precede  immediately  the  direction  for  heating  over  the 
water  bath  for  half  an  hour. 

The  reason  for  this  change  is  that,  in  order  to  secure  uniformity 
in  successive  lots  of  media,  it  is  well  that  all  heating  should  be  done 
at  a  uniform  reaction.  If  the  recommendations  as  they  stand  now 
are  followed,  the  half-hour's  heating  on  the  water  bath  is  given 
before  the  adjustment  to  a  fixed  reaction,  i.  e.,  at  the  casual  reaction 
which  the  meat  infusion  may  happen  to  have,  further  modified  some- 
what by  the  addition  of  peptone  in  all  cases,  and,  in  the  case  of 
gelatin,  very  much  modified  by  the  presence  of  gelatin.  If,  however, 
the  change  here  suggested  be  adopted,  the  reaction  at  which  all 
heating  is  done  will  be  the  same  throughout  for  all  media  which 
are  to  have  the  same  final  reaction.  It  will  be  remembered  that  the 
earher  recommendations  of  this  Committee  called  for  neutralization 
before  heating,  and  this  provided  that  the  reaction  at  which  all 
heating  was  done  should  be  the  same  throughout  for  all  media, 
without  regard  to  the  final  reaction.  My  suggestion,  if  adopted,  will 
return  as  closely  as  may  be  to  uniformity  under  the  modified  con- 
ditions as  regards  the  final  reaction  now  generally  adopted,  i.  e., 
the  adjustment  to  a  final  reaction  without  previous  neutrali- 
zation. 

Suggestion  2. — In  preparing  broth,  gelatin,  and  agar,  make  the 
period  of  boiling  over  the  free  flame  five  minutes  instead  of  two 

■  Jour.  Inject.  Dis.,  1905,  Supplm.  No.  1,  p.  i. 
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minutes  as  in  the  present  recommendation.  This  also  is  a  return 
to  the  recommendations  formerly  made. 

The  reason  for  this  change  is,  that  it  seems  to  be  a  fairly  common 
experience  that  two  minutes'  boiHng  is  hardly  sufficient  to  precipitate 
thoroughly  the  albumens  present  at  the  reaction  at  which  the  boiHng 
is  done.  Five  minutes'  boiHng,  on  the  other  hand,  is  usually  sufficient 
for  precipitation,  and  obviates  subsequent  precipitation  during  steriH- 
zation. 

Suggestion  j. — Since,  in  the  adjustment  of  agar  media  by  titra- 
tion, some  Httle  difficulty  is  encountered  at  times,  if  it  be  done  after 
the  addition  of  the  3  per  cent  agar,  and  especially  if  the  titration 
process  be  prolonged,  because  of  the  agar  becoming  cold,  it  is  at 
times  convenient  to  adjust  the  reaction  of  the  meat  infusion  plus 
peptone  before  adding  the  agar.  If  this  be  done,  the  reaction  to 
which  the  meat  infusion  is  adjusted  should  be  double  that  which 
is  desired  as  the  final  reaction.  The  subsequent  addition  of  the  agar 
in  3  per  cent  strength,  as  recommended,  brings  the  reaction,  as  well 
as  the  percentage  of  peptone  and  of  meat  infusion  constituents,  to 
the  proper  point.  Since  it  is  difficult  to  see  that  the  adjustment  of 
the  agar  reaction  before  or  after  the  addition  of  agar  can  make  any 
difference  in  the  composition  of  the  medium,  it  would  seem  that  an 
alternative  method  might  here  be  provided  without  infringing  on 
the  principle  of  securing  strict  uniformity.  The  3  per  cent  agar  being 
neutral,  exactly  the  same  amount  of  alkali  is  necessary  to  secure 
the  same  final  reaction  from  either  the  meat  infusion  plus  peptone, 
(double  strength)  brought  to  double  the  final  reaction,  and  then 
diluted  one-half  by  the  3  per  cent  agar  or  from  the  whole  agar  medium 
(final  strength)  brought  directly  to  the  final  reaction. 

Summed  up  these  suggestions  would  be  as  follows : 

1.  In  the  present  form  of  recommendations  for  gelatin  and  agar, 
p.  108  of  Supplement  No.  i  of  the  Journal  oj  Infectious  Diseases, 
strike  out  steps  11  and  12;  and  insert  them  again,  renumbered 
9  and  10,  respectively;  strike  out  9  and  10  as  they  now  are,  and 
reinsert  them,  renumbering  them   11  and  12,  respectively. 

2.  In  step  13,  strike  out  "two  minutes"  and  substitute  "five 
minutes." 
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3.  Insert  a  footnote,  referring  to  steps  8,  9,  10,  as  renumbered 
in  accordance  with  the  above  suggestions,  to  read: 

If  preferred,  meat  infusion  and  peptone  of  double  strength,  intended  for  the 
preparation  of  agar  media,  may  be  adjusted  to  twice  the  final  reaction  desired,  before 
the  addition  of  the  3  per  cent  agar.  The  addition  of  the  agar  should  then  be  made 
between  steps  10  and  11  (as  renumbered). 


A  DEVICE  FOR  FILTERING  TOXINS,  ETC.,  BY  THE  USE 
OF  WATER  PRESSURE. 

HiBBERT   WiNSLOW   HiLL. 
Minnesota  State  Board  of  Health  Laboratories,  Minneapolis,  Minn. 

The  use  of  gas  or  air  pressure  to  drive  toxins,  or  other  bacterial 
fluids,  which  it  is  desired  to  fiher,  and  at  the  same  time  to  sterilize 
through  bougies  of  porcelain  etc.,  has  been  common  for  a  long  time. 
The  ordinary  aspiration  filter  is,  of  course,  really  a  pressure  filter, 
the  limit  of  pressure  being  rather  less  than  one  atmosphere,  and 
depending  on  the  degree  of  exhaustion  obtainable.  But  direct  air 
or  gas  pressure — secured  say  by  compression — has  always  presented, 
besides  the  mechanical  difficulties,  chemical  or  physical  difficulties, 
dependent  on  the  pressure-modifications  of  the  action  of  the  gases 
used  upon  the  liquids  to  be  filtered. 

It  occurred  to  the  writer  that  the  interposition  of  a  thin  sheet  of 
rubber  between  the  surface  of  the  liquid  to  be  filtered  and  the  hquid 
(air,  gas,  or  water)  which  was  used  as  the  vehicle  to  transmit  the 
pressure  would  at  once  remove  almost  all  the  objections  which  could 
be  brought  against  pressure  filtration.  Because  of  its  relative  density 
and  inelasticity,  water  presents  so  many  mechanical  advantages  over 
air,  that  attention  was  concentrated  wholly  upon  the  use  of  water 
pressure. 

The  device  illustrated  by  the  accompanying  drawing  is  extremely 
simple  in  principle.  A  strong  metal  cylinder  of  appropriate  size 
to  contain  the  bougie,  and  a  rubber  bag,  made  to  surround  the 
bougie  and  to  contain,  say  from  one-half  to  one  liter  of  the  liquid 
to  be  filtered,  are  the  sole  requisites  besides  sufficient  water  pressure. 
Water  may  often  be  obtained  from  the  laboratory  tap  under  pres- 
sure of  from  45  to  90  lbs. — say  from  3  to  6  atmospheres.  A  small  force 
pump  may  readily  be  provided  which  will  supply  200  to  300  lbs. 
pressure.  This  water  is  admitted  to  the  cylinder  upon  the  outside 
of  the  rubber  bag  containing  the  liquid  to  be  filtered.  The  pressure 
drives  the  rubber  inward  upon  the  contained  liquid,  and  so  upon 
the  contained  bougie,  with  a  perfectly  adjusted  and  uniformly  dis- 
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tributed  pressure.  There  is  nothing  to  tear  the  rubber,  which  may 
be  ver}-  thin;  every  drop  of  the  contained  Hquid  is  filtered;  the 
fihration  is  very  rapid;  and  there  is  no  question  introduced  as  to 
the  effect  of  the  exposure  of  the  hquid  to  air  or  gas  under  pressure, 
for  it  has  had  no  such  exposure.  To  reduce  the  pressure  from  say 
200  lbs.  to  normal,  it  is  only  necessary  to  shut  off  the  source  of  the 
water  pressure  by  turning  a  tap,  and  to  allow  the  escape  of  a  few 
cubic  centimeters  of  water  from  the  cylinder.  The  rubber  bag  may 
be  refilled  after  each  emptying  very  readily. 
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